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CHAPTER  I 
SUMMARY 

DESCRIPTION  OF  THE  STUDY 
OBJECTIVE  OF  THE  STUDY 

'III*'  objective  of  this  study  is  to  prepare  a plan  which  will  recommend  an  area-wide 
comprehensive  sewerage  system  and  program  for  interceptor  and  trunk  sewers  and 
si'wage  treatment  and  disposal  facilities  in  the  North  Central  Texas  region  and  to 
suggest  methods  for  plan  implementation.  The  output  from  this  studv  i~  expected  to 
be  of  great  value  not  only  to  the  North  Central  Texas  Council  of  Governments 
(NOT COG)  but  to  all  member  communities  in  their  planning  for  future  development 
of  the  area. 

Specific  watershed  recommendations  presented  in  this  report  are  not  considered  to  he 
absolute  because  of  the  generalized  nature  of  the  studies.  The  recommendations  are. 
how ev er.  meant  to  he  u t i li/.ed  as  a basis  of  comparison  w ith  other  possi hie  alternative 
systems  on  a watershed  basis.  Detailed  studies  for  specific  localities  and  projects  may 
indicate  that  size,  location  and  staging  of  facilities  should  depart  from  the 
recommendations  herein. 

CONSULTANT  TEAM 

In  January  1464.  the  North  Central  Texas  Council  of  Governments  contracted  with  the 
consulting  engineering  firm  of  Camp.  Dresser  & McKee  of  Boston.  Massachusetts,  to 
direct  and  coordinate  the  work  of  the  consulting  team.  The  consultant  team  consists  of 
lamp.  Dresser  & McKee,  as  the  general  consultants,  and  the  firms  of  Forrest  and 
Cotton.  Inc.  of  Dallas,  and  Freese.  Nichols  and  Endress  of  Fort  Worth  as  associate 
consultants.  Other  special  consultants  (including  legal)  were  utilized  where  needed 
during  the  preparation  of  the  report. 

FINANCING  OF  STUDY 

This  report  was  financed  jointlv  b\  the  Texas  W ater  Oualitv  Board  under  Contract  No. 
TW  OB  PG68-I  and  the  Federal  Water  Qualitv  Administration  (formerlv  the  Federal 
Water  Pollution  Control  Administration).  I .S.  Department  of  the  Interior.  Project 

BPG  il-6H  12. 

AREA  OF  STUDY 

The  studv  encompasses  an  area  of  roughly  11.000  square  miles  located  in  the  North 
Central  part  of  Texas,  including  the  entire  counties  ol  Dallas.  Tarrant.  P.llis.  Denton. 
Johnson.  Collin.  Kaufman.  Parker.  Rockwall  and  Wise,  and  those  portions  ol  A an 
Zandt.  Henderson.  Fannin.  Hunt.  Gravson.  Cooke.  Montague,  (.lay.  Jack.  Archer  and 
Voting  tributary  to  the  l pper  Trinilv  River  Basin.  This  area  is  much  larger  than 
several  stall's  including  Rhode  Island  and  Massachusetts,  more  populous  than 
Arkansas.  Colorado.  Nebraska.  Oregon  and  eighteen  other  states,  anil  includes  the 
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metropolitan  area  of  Dallas  and  Fort  Vtorth.  The  area  contains  about  20'i 
population  of  the  State  of  Texas. 


FANNIN 


scale  in  miles 


FIG.  I - 1 MAP  OF  STUDY  AREA 


FINDINGS 


POPU.ATION 

The  population  in  the  studs  area  at  the  present  time  is  estimated  at  about  2.7  million, 
and  is  expected  to  almost  double  in  the  next  Iwents  vcars.  Bs  the  sear  2020  the 
population  is  expected  to  reach  7.8  million.  <>\er  80'7  of  the  present  population  i' 
already  sewered,  and  it  is  expected  that  this  percentage  will  climb  in  the  next  lifts 
sears  to  about  97 '7  Its  the  year  2020.  The  area  is  blessed  with  sufficient  land  and 
sufficient  water  (at  least  for  the  next  twents  sears  or  so)  to  attract  and  hold  new 
industrs  and  to  permit  rapid  ties elopments  and  population  gross  th.  Besom!  lotto  it 
appears  that  additional  water  supplies  (from  imported  or  reused  waterlmas  he  needed 
to  sustain  growth.  It  appears  that  most  of  the  population  (present  and  future)  ssill 
reside  in  the  metropolitan  areas  surrounding  Dallas  and  Fort  Worth,  and  generally 
Is  ing  ss  ithin  Dallas  and  Tarrant  (anilities. 
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FIG.  1-2  PROJECTED  POPULATION,  WATER  CONSUMPTION  AND 
SEWAGE  FLOW  FOR  STUDY  AREA 
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WATKR  CONSI  MPTION  AM)  SKWAOK  FLOW 

Xooompanv  ing  this  increase  in  population  will  Ik*  a groat  increase  in  water 
consumption  and  sewage  How  in  the  studv  area.  Total  water  consumption  i-  expected 
to  increase  Iron)  an  estimated  340  million  gallons  per  dav  at  the  present  time  to  about 
1 .51 0 mil  I ion  gallons  per  dav  In  t he  \ ear  2020.  Most  of  the  w at  or  consumed  will  find  it~ 
wai  into  municipal  sewerage  systems  and  require  treatment.  From  an  estimated  250 
million  gallons  a dav  at  the  present  time,  the  projected  sewage  flow  to  the  tear  2020  i~ 
expected  to  increase  to  about  l.lttl  mgd.  On  a per  capita  basis  average  dailv  sewage 
flow  is  expected  to  increase  from  lOOgpcdin  1070  to  IjOgpcd  in  2020  in  the  Dallas-F'ort 
\\  ortli  metropolitan  area. 
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UPPER  TRINITY  RIVER  WATER  QUALITY 

Flowing  generally  from  tho  northwest  to  the  southeast  through  the  North  Central 
Texas  region  is  the  Trinity  River  and  its  principal  tributaries,  the  \X  est  Fork.  Elm 
Fork  and  East  Fork.  The  flow  in  the  Trinity  River  is  extremely  variable  - from  flood 
waters  in  the  early  spring  to  almost  no  natural  flow  in  the  dry  parts  of  the  year.  This 
extreme  variation  in  flow  presents  difficulties  in  attempts  to  use  the  Trinity  River  for 
recreational  and  other  purposes,  and  it  affects  the  degree  of  sewage  treatment 
necessary.  Several  large  water  supplv  reservoirs  are  located  in  the  basin  and  their 
discharges  flow  into  the  Trinity  River  during  wet  parts  of  the  year.  The  Trinity  River 
itself  flows  downstream  into  the  site  of  the  planned  (by  others)  Tennessee  Colony 
Reservoir  located  at  the  southern  edge  of  the  study  area.  This  reservoir  is  a projected 
water  supply  for  a portion  of  Texas  south  of  our  study  area.  Some  reservoirs  w ithin  the 
study  area  receive  sewage  effluents. 

In  the  dry  parts  of  the  year,  the  flow  in  the  Fpper  Trinity  River  and  its  tributaries 
consists  mostly  of  the  effluent  (or  discharge)  from  existing  sewage  treatment  plants, 
and  dissolved  oxvgen  levels  are  frequently  below  those  necessary  to  maintain  fish  life. 
During  the  summer  months  reported  biochemical  oxygen  demand  (ROD)  and 
dissolved  oxygen  levels  in  many  reaches  of  the  Fpper  Trinity  River  do  not  meet  the 
water  quality  requirements  of  the  T^  QB.  Extremely  high  concentrations  of  nutrients 
such  as  phosphates  and  nitrates  are  found  in  the  river,  and  bacteria  counts  are 
frequently  above  acceptable  levels  particularly  during  wet  weather  periods.  Reported 
pesticide  concentrations,  where  they  exist  at  all.  are  below  established  limits. 

The  heavv  pollution  load  in  the  river  results  from  the  discharge  of  effluents  from  1 .1— 
sewage  treatment  plants,  septic  tank  discharges,  raw  sewage  discharges  from  homes, 
industrial  wastewater  discharges,  leaching  from  refuse  disposal  dumps  and  sanitary 
landfills,  and  surface  runoff  from  urban  and  rural  areas.  During  high  river  levels, 
treatment  plant  sludge  lagoons  are  occasionally  flooded  and  quantities  of  sludge  are 
carried  away  by  the  river. 

Thus  the  l pper  Trinity  River  now  poses  a potential  health  hazard,  does  not  satisfy 
aesthetic  considerations  and  is  not  suitable  for  many  desired  uses. 

However,  streams  and  lakes  in  the  Fpper  Trinity  River  basin  are  used  at  the  present 
time  for  water  supply  purposes.  In  order  to  protect  the  public  health,  to  prevent 
eutrophication  (the  accelerated  aging  or  deterioration)  of  lakes  and  reservoirs  and  to 
permit  various  desired  river  uses,  the  sewage  from  the  North  Fentral  lexas  region 
must  hr  provided  with  a very  high  degree  of  organic  removal  combined  with  nutrient 
removal  and  disinfection. 

The  planned  canalization  of  the  Trinity  River  contains  a number  of  locks  and  dams, 
which  wjll  tend  to  retard  the  natural  flow  of  water.  The  same  very  high  degree  of 
treatment  (advanced  treatment)  of  the  area's  sewage  would  be  necessary  to  prevent 
eutrophication  and  other  undesirable  conditions  from  developing  in  the  river  because 
of  this  project. 

It  is  considered  not  feasible  to  augment  the  flow  of  the  l pper  Trinity  River  to  prov  ide 
a great  flow  of  water  for  dilution  purposes  during  low  flow  periods.  \n  amount  of 
dean  augmentation  water  roughly  equivalent  to  twice  the  sewage  flow  from  the  entire 
study  area  (i.e..  1.240  mgd  in  1000:  2.2H0  mgd  in  2020)  would  It*1  required  if 
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conventional  secondary  treatment  only  were  provided.  I he  time  o(  year  during  which 
this  water  would  he  needed  does  not  coincide  with  the  timing  of  available  water  or 
that  which  could  be  made  available  (except  through  importation). 

RECOMMENDATIONS 
DESCRIPTION  OF  PROPOSED  JOINT  FACILITIES 

For  reasons  of  economics,centralizaiion  of  responsibility,  and  administration  of 
construction,  operation  and  maintenance,  six  large  joint  use  treatment  plants  are 
proposed  for  sewage  treatment  in  the  metropolitan  area  of  Dallas  and  hurt  Vi  ort  h. 
Each  of  these  plants  exists  or  is  under  construction  at  present.  A map  of  the 
metropolitan  area  and  the  location  of  the  six  joint  treatment  facilities  is  shown 
below.  A list  of  the  communities  and  serv  ice  areas  served  or  proposed  to  be  served  by 
each  is  as  follows  (those  communities  and  service  areas  whose  names  are  preceded  bv 
an  asterisk  (*)  are  not  yet  served  by  the  indicated  plants): 

FORT  WORTH  VILLAGE  CREEK  PLANT 


Itenbrook 
I5|ii«'  Mound 
Edgecliff 
l.v  erman 
Forest  Hill 
fort  \\  ort h 
(faltom  City 
Hurst  (part) 

Kcnnodale 
I .ake  W ort h 

North  lichlanfi  Hills  (part) 
Richland  1 1 il  I-  ( part ) 


Riv  or  ( laks 
Sagi  naw 
Sansont Park 
\\  atauga 

\\  bite  Set t lenten t 
\rlington  (part ) 

* \zle 

*(  !row  lev 
*Ev  erman 

* Lakeside 
•Richland  Hills  (oa 


Rush  ( Ireek  \rea 


(part ) 


TRA  CENTRAL 


\i  lington  (part ) 

( '.arrollton 
Collev  v i I |e  ( part ) 
Dallas  | part  i 
East  Mountain  ( .reek 
area  (part) 

Euless 

Farmers  Rranch 
Grand  Prairie 
( irapev  ine  ( reek  area 
( ireenv  ievv  area 
I lai  k berry  ( Took  area 
Irv  ing 

Ki  i bv  ( .reek  area 


’Bedford 
*(  .olley v i lie  (part ) 

*(  .oppel  I 
*Grapev  ine 

* Hurst  (pa rt  t 
•Keller 

* I ,ew  is>  i ||e 

•North  Richland  Hill'(part) 
•Regional  \irport 
•Soulhlake 

* I'  lit  lire  dev  e lop  men  t unit  h 
and  west  of  t lie  proposed 

I akev  iew  Reserv oir 


la 


FIG.  1-3  RECOMMENDED  REGIONAL  SEWERAGE  SYSTEMS 


DALLAS  WHITE  HOCK  PLANT 


Dallas  (urea  near  (lie  plant  ’Richardson  (Flovd  Branch 

and  Coombs  Creek.  Fair  Park  and  Cottonwood  Creek ) 

and  \\  Idle  Rock  Creek) 

DALLAS  SOI  TH  SIDE  PLANT 

* Raich  Springs 

* Hutchins 
’Kleberg 
*Vi  ilmer 

GARLAND-DECK  CREEK  PLANT 

’Mesquite  (part ) 

‘North  Mesquite  ( deck  area 

* North  Seagov  i I le 

* Plano  ( part ) 

‘Richardson  ( part ) 

’Rockwall 
’Rowlett 
’Sacltse 

’Seagov  i I le  (incl  Fed.  Corr.  Instil.) 

* Vi  \ lie 

TRA  TEN  MILE  CREEK  PLANT 

Cedar  Hill  DeSoto 

Ferris  Vi  oodland  Hills 

Lancaster  Dnncain  i I le 

ESTIMATED  CONSTRICTION,  OPERATION  AND  MAINTENANCE  COSTS 

The  expected  population  and  the  average  sewage  How  to  the  -ix  joint  treatment 
facilities,  the  estimated  construction  costs  (1970  construction  costs)  estimated  to  be 
needed  between  now  and  the  vear  1900.  and  the  estimated  annual  average  operation 
and  maintenance  costs  connected  with  those  now  facilities  between  now  and  the  vear 

1990  are  show  n on  Fig.  1-4  anil  Fig.  1-5.  1 

Based  on  1970  cost  estimates,  the  people  living  in  the  metropolitan  area,  w hich  may  be 
served  bv  these  six  joint  treatment  facilities,  can  expect  to  have  the  cost  associated  w ith 
intercepting  sewers  and  sewage  treatment  increase  about  three  times  over  the  present 
cost.  A portion  of  this  cost  (the  construction  portion)  would,  of  course,  be  reduced  by 
the  amount  of  grants  in  aid  available  from  the  Federal  and)or  State  Governments.  On 
an  average  household  basis  using  1970  cost  estimates,  the  average  annual  cost  for  the 
recommended  joint  treatment  systems  including  sewage  treatment  plants  and  new 
interceptor  sewers  is  estimated  at  about  $60  per  vear.  or  less  than  20c  per  day  per 
family.  On  the  basis  of  cost  per  thousand  gallons  of  sewage  treated,  about  55c  is 
indicated,  of  which  an  average  of  about  4(K  is  for  treatment  and  about  15c  is  for 
interceptors. 


( -arlund  ( part ) 
Mesquite  ( part ) 
Plano  (part ) 
Richardson  (part ) 
Siiiinv  vale  (part ) 

* Mh  o 

’( -ai  l. md  ( part ) 
’Heath 

’Long  Greek  Area 

* Mr  Ki nnev 


Elam  ( .'reek  area 
I'  iv  e M ile  ( a eek  area 
Prairie  ( Ireek  area 
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FIG.  1-4  PROJECTED  POPULATIONS  AND  FLOWS  FOR 
PROPOSED  JOINT  PLANTS 
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COST  OF  CONSTRUCTION  TO  BE 
IMPLEMENTED  BY  1990  ( MILLIONS  OF  DOLLARS) 


ANNUAL  AVERAGE  COST  OF  OPERATION  AND 
MAINTENANCE  ,1975-1990  (MILLIONS  OF  DOLLARS) 
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FIG.  1-5  PROJECTED  COSTS  (1970)  OF  RECOMMENDED 

JOINT  SYSTEMS 
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The  proposed  comprehensive  sewerage  plan  will  result  in  the  consolidation  of  sewage 
treatment  plants  thus  reducing  the  number  from  53  at  present  to  6 in  the 
metropolitan  area. 

For  those  people  who  live  within  the  study  area  hut  outside  of  the  metropolitan  area 
of  Dallas-Fort  Worth  described  above,  the  aggregate  construction  costs  of  upgrading 
sewage  treatment  facilities  between  now  and  1990,  based  on  1970  construction  cost 
estimates,  is  about  $50,000,000.  The  cost  per  family  or  per  thousand  gallons  of  sewage 
treated  would  vary  among  the  individual  communities  affected. 

POLLUTION  CONTROL 

In  addition  to  inadequate  municipal  sewage  treatment  and  sludge  disposal,  the 
potential  for  polluting  surface  waters  exists  in  many  other  forms.  The  installation  of 
septic  tank  systems  in  areas  where  soils  are  inadequate  results  in  failures  and 
overground  flow  of  contaminated  waters  into  brooks,  streams  and  water  supply 
reservoirs.  Storm  runoff  washes  contaminants  into  nearby  water  sources;  sanitary 
landfills  located  in  areas  where  groundwater  or  surface  water  is  able  to  leach  out 
contaminants  and  flow  directly  into  streams  and  water  supply  reservoirs  are  another 
source  of  pollution.  Agriculture,  including  the  fertilizing  of  farmlands,  is  suspected 
during  wet  weather  periods  to  result  in  a large  volume  of  phosphates  and  nutrients 
being  washed  into  the  streams.  The  uncontrolled  grazing  and  feeding  of  cattle  on 
watersheds  offers  a potential  for  pollution.  In  certain  areas  existing  water  quality 
standards  may  not  be  achieved,  even  after  provision  of  advanced  wastewater 
treatment,  because  of  pollution  from  separate  surface  runoff.  Much  study  would  be 
necessary  to  determine  the  feasibility  and  increased  benefits  of  treating  the  huge 
volumes  and  high  flow  rates  of  separate  surface  runoff  involved.  Centralization  of 
efforts  to  control  all  types  of  pollution  should  be  the  goal  of  the  people  in  the  region. 

INFILTRATION 

Rainwater  infiltration  into  the  sewage  collection  systems  is  of  a serious  magnitude  in 
several  of  the  older  and  larger  systems  and  results  in  poor  efficiency  of  treatment 
plants  a^'O  raw  sewage  discharges  to  streams.  The  various  communities  affected  should 
consider  the  provision  of  detention  and  chlorination  facilities  as  needed  at  critical 
locations  in  the  systems  to  prevent  raw  sewage  discharges  during  periods  of  high 
infiltration.  Continuing  programs  of  sewerage  system  maintenance  and  repair  should 
be  carried  out  to  minimize  infiltration.  Adequate  inspection,  control,  and  the  use  of 
modern  compression  type  joints  in  all  sewer  construction,  including  building 
connections,  is  essential. 

WASTEWATER  REUSE 

As  the  population  and  water  consumption  increase  and  the  surplus  supply  of  water 
decreases,  it  will  become  more  and  more  important  to  practice  wastewater  reuse  to  the 
fullest  extent  possible.  Non-domestic  uses,  such  as  commercial  and  especially  cooling 
water  demands,  may  be  satisfied  by  wastewater  treatment  (reclamation)  and  reuse. 
Water  for  domestic  uses  (after  1990)  may  have  to  be  supplemented  by  reclaimed 
wastewater.  The  location  of  suitable  industry,  including  electric  power  plants, 
adjacent  to  sewage  treatment  plants  is  recommended. 
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CONCLUSIONS 

IMPLEMENTATION  OF  THE  COMPREHENSIVE  SEWERAGE  PLAN 

The  Ipper  Trinty  River  Basin  Comprehensive  Sewerage  Plan  is  a result  of  a 
concentrated  study  over  a period  of  eighteen  months.  The  results  of  this  study  clearly 
indicate  that  maximum  possible  cooperation  and  joint  use  of  sewage  collection  and 
treatment  facilities  will  benefit  everyone  concerned.  I he  Federal  Water  Quality 
Administration  has  the  authority  *o  increase  federal  aid  on  those  projects  that  are  a 
part  of  a comprehensive  sewerage  plan.  I he  Texas  Vi  ater  Quality  Board  encourages 
the  consolidation  of  treatment  facilities  and  requires  that  a new  facility  he  consistent 
with  a regional  plan  before  a discharge  permit  is  issued.  The  results  of  this  study 
furnish  a framework  from  which  positive  action  can  begin  on  implementation. 

The  cost  estimates  contained  in  this  study  should  he  recognized  as  general  because  ol 
the  broad  scope  of  the  study.  A preliminary  engineering  report  defining  the  service 
area.intercept  ing  sewer  routes  and  sizes  and  treatment  plant  size  and  process  for  each 
of  the  six  recommended  joint  systems  should  be  prepared  as  a next  logical  step.  Such  a 
preliminary  engineering  report  would  contain  refined  cost  estimates  for  construction, 
operation  and  maintenance  of  proposed  facilities  and  assist  the  communities  involved 
to  plan  their  participation  in  a joint  treatment  sy  tern. 

Concurrent  with  these  preliminary  engineering  studies,  it  is  recommended  that 
\(  T<  !<  M > and  all  it-  member  communities  consider  the  advantages  of  a State  Grant 
In  Vid  program  for  the  construction  of  water  pollution  abatement  facilities.  Such  a 
State  program  (contributing  of  25G  or  more  of  eligible  project  costs)  would  increase 
the  amount  of  monev  available  to  the  local  communities  on  eligible  projects  from  a 
present  maximum  of  30G  (Federal)  to  about  80  G (Federal  and  State).  I he  Federal 
Water  Qualitv  \rt  provides  increased  benefits  to  states  which  have  their  own  grant 
program  underwav  and  manv  slates  in  the  country  have  taken  advantage  of  this.  I hr 
State  of  Texas  should  do  likewise. 

The  TW  QB  has  recently  funded  NCTCOG  to  develop  an  implementation  program 
providing  details  of  the  regional  organization  and  its  powers.  This  program  is 
scheduled  for  completion  in  March  1971. 

PRESENTATION  OF  THE  PLAN 

Concerted  efforts  have  been  made  by  the  NCTCOG  to  acquaint  all  member 
communities  and  interested  agencies  with  the  Comprehensive  Sewerage  Plan.  Notices 
were  sent  to  local.  Stale  and  Federal  officials  and  interested  citizens  in  North  Central 
Texas  in  advance  advising  them  of  the  schedule  of  report  presentations.  To  acquaint  as 
many  persons  as  possible  with  the  contents  of  the  report  and  to  obtain  their 
comments,  a number  of  presentations  have  been  made  including  those  to  the 
following: 

Federal  W ater  Quality  Administration; 


Dallas  City  Council; 

Area  upstream  of  Dallas  South  Side  Plant; 

Area  upstream  of  Dallas  White  Rock  Plant; 

Area  upstream  of  Garland  Duck  Creek  Plant; 

Area  upstream  of  Fort  Worth-Village  Creek  Plant; 
Area  upstream  of  TRA  Ten  Mile  Creek  Plant; 

Area  upstream  of  the  TRA  Central  Plant; 

Areas  outside  Dallas  and  Tarrant  Counties. 
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CHAPTER  II 
INTRODUCTION 


PURPOSE  OF  COMPREHENSIVE  SEWERAGE  STUDY 

The  l pper  Trinity  River  Basin  Comprehensive  Sewerage  Plan  has  been  financed  with 
funds  granted  by  the  Federal  Vi  a ter  Quality  Administration  under  Section  3 (c)  of  the 
Federal  Vi  ater  Pollution  Control  Act,  as  amended,  and  hy  the  Texas  Water  Qualitv 
Board  under  the  provisions  of  the  Texas  W ater  Quality  Act  of  1967.  This  report  has 
been  prepared  by  the  consulting  team  of  Camp,  Dresser  & McKee,  Boston. 
Massachusetts,  general  consultants,  and  Forrest  and  Cotton,  Inc.,  Dallas,  Texas  and 
Freese,  Nichols  and  Endress,  Fort  Worth,  Texas,  associate  consultants,  under  the 
terms  of  the  contract  between  Camp.  Dresser  & McKee  and  the  North  Central  Texas 
Regional  Planning  ( Commission.  effective  date  January  15.1969. 

The  purpose  of  this  report  is  to  develop  for  the  North  Central  Texas  Council  of 
Governments  (NCTCOG)  a comprehensive  regional  plan  and  implementation 
program  for  sewerage  facilities  within  North  Central  Texas  region  (study  area)  for  the 
foreseeable  future  (to  the  year  2020).  In  this  manner  water  quality  requirements  may 
be  achieved  and  the  possibility  of  future  degradation  of  water  resources  in  the  North 
(Central  Texas  region  reduced.  A map  showing  the  location  of  the  study  area  within  the 
State  of  Texas  is  presented  on  Fig.  1 1 - 1 . The  comprehensive  plan  forms  a basis  upon 
which  additional  studies  of  a more  detailed  nature  can  be  made  for  proposed  sewerage 
projects  within  I he  study  area. 

1 he  N(. !(.()(,  is  a voluntary  association  of  local  governments  represented  hv  loeallv 
elected  officials  in  the  North  Central  Texas  region.  It  has  become  a significant 
organiza’. ion  for  solving  many  problems  in  local  government  such  as  water  pollution 
control.  It  was  created  in  1965  by  an  Act  of  the  Texas  Legislature  and  as  a result  of  the 
Federal  Demonstration  (Cities  and  Metropolitan  Development  Act  of  1966.  The  latter 
\ct  recognized  that  Federal  agencies  alone  could  not  provide  the  neeessarv 
communications  and  coordination  required  to  administer  the  various  Federal 
programs  effectively  and  efficiently  in  the  metropolitan  areas  of  the  nation.  Tin 
Federal  \ct  required  a review  and  comment  procedure  on  many  Federal  grant 
applications  at  the  metropolitan  level  hy  an  agency  responsible  for  and  aetivelv 
engaged  in  comprehensive  planning  throughout  the  area.  That  same  act  made 
matching  Federal  funds  available  to  (Councils  of  Government,  thereby  enabling  them 
to  become  the  regional  review  agencies.  The  Texas  Attorney  General  has  ruled  that 
(Councils  of  Government  also  may  legally  receive  Federal  grants  for  water  pollution 
control  programs. 

This  study  and  report  was  conducted  under  the  general  supervision  of  Mr.  (Charles 
I’arthum. I’.FC..  l’artner-in-(  Charge.  of  (Camp.  Dresser  X McKee.  Mr.  David  R. 
Horsefield.  I’.FC..  Vssociate.  was  project  manager  assisted  hv  Dr.  Jack  1C.  McKee.  Mr. 
Frank  L.  Heaney.  Dr.  Richard  I..  Woodward.  Mr.  Max  S.  (Clark  and  Dr.  Jonathan  \. 
French,  all  of  (Camp.  Dresser  McKee.  Mr.  Robert  R.  Steele.  I’.FC..  \ssociate  was 
project  engineer  (and  coordinator  of  the  Texas  firms'  work)  for  Forrest  and  (z)tton. 
Inc.,  and  Mr.  Joe  B.  Mapes.  I’.FC..  \ssociate  was  project  engineer  for  Freese.  Nichols 
and  F.ndress.  Mr.  James  D.  Goff.  I’.FC.  was  staff  project  manager  for  the  N(  C I ( C<  )G. 
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Findings,  conclusions  and  recommendations  of  this  study  have  been  discussed  with 
agencies,  officials  and  organizations  throughout  the  study  area.  Among  the  agencies 
with  whom  discussions  have  been  held  are  the  Federal  ^ater  Quality  Administration. 
Texas  Water  Quality  Board,  Dallas  City  Council,  and  Fort  \Xorth  City  Council. 
Discussions  have  also  been  held  with  officials  and  organizations  located  within  the 
various  watersheds  in  the  study  area  as  described  in  Chapter  A and  shown  on  Fig.  A -1 
appended  to  this  volume. 

SCOPE  OF  STUDY 

In  accordance  with  the  contract  between  Camp,  Dresser  & AlcKee  and  the  North 
Central  Texas  Regional  Planning  Commission  we  have  considered  the  Dallas-Fort 
AAorth  metropolitan  area  as  a major  utility  service  area  and  have  considered 
possibilities  for  its  expansion.  In  addition,  we  have  investigated  and  developed 
sewerage  projects  for  immediate  and  long-range  consideration  in  all  watersheds  within 
the  11,000  sc]  mi  study  area.  Staging  requirements  for  the  various  projects  have  been 
developed  which  reflect  the  urgency  of  needs  for  collection,  transmission  and 
treatment  of  wastewaters.  Projects  have  been  developed  with  regard  to  the  economic 
and  technical  needs  and  resources  of  the  North  Central  Texas  region. 

I bis  comprehensive  studv  has  been  conducted  in  seven  phases  which  included,  hut 
were  not  limited  to.  the1  following: 

Phase  I,  Survey  and  Analysis  of  Existing  Facilities.  Refined,  updated 
and  evaluated  significant  inventory  data  previously  obtained  from 
existing  sewage  treatment  plants  and  existing  major  trunk  sewers  in  the 
st  udy  area. 

Phase  II.  Survey  and  Analysis  of  Foisting  Water  Quality.  Collected 
significant  data  on  streams  and  reservoirs  in  the  study  area,  described 
and  evaluated  sources  of  pollution  from  such  sources  as  municipalities, 
concentrations  of  septic  tanks,  and  industries  and  discussed  the  effects 
of  storm  flows  on  treatment  plant  operation  and  the  economics  of 
controlling  infiltration  and  surface  runoff. 

Phase  III,  Analysis  of  Population  Projections  and  Determination  of 
Quantity  and  Quality  of  Effluent.  Evaluated  populations  for  the  years 
1970.  197, A.  1980,  1990  and  2000  provided  bv  NCTCOG  under  contract 
with  CONS  AD  Research  Corporation  of  Pittsburgh.  Pennsylvania, 
projected  population  estimates  to  the  year  2020.  and  determined 
existing  and  projected  per  capita  sewage  flows  and  pollution  loads  to 
permit  the  development  of  estimates  of  total  flows  and  pollution  loads 
in  the  various  watersheds  through  the  year  2020. 

Phase  IV,  Analysis  of  Significant  Waste  Treatment  Facility 
Requirements.  Estimated  sewage  flows  and  pollution  loads  to 
existing  major  sewage  treatment  plants  and  evaluated  the  potential  for 
expanding  each  such  plant  to  handle  anticipated  future  flows  and 
pollution  loads. 
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Phase  V,  Conceptual  Design  of  Regional  Sewerage  and  Waste 
Treatment  Plan. Prepared  preliminary  designs  and  cost  comparisons  of 
alternative  feasible  plans  for  the  entire  study  area,  with  the  greatest 
emphasis  on  the  Dallas  - Fort  Worth  metropolitan  area,  selected  the 
recommended  regional  sewerage  plan  based  on  the  results  of  this 
alternative  study,  and  discussed  flood  control  storage  and  low  flow 
augmentation,  the  economics  of  wastewater  reclamation  and  reuse  and 
treatment  processes  ami  solid  waste  disposal  as  it  affects  water  quality  . 

Phase  \ I,  Administration  of  Recommended  Plan.  Discussed  the 
authority  of  various  existing  agencies  in  water  pollution  control,  the 
responsibility  lor  plan  implementation,  available  methods  for 
financing  recommended  projects,  the  effects  of  variation  of  population 
and  land  use  on  the  recommended  plan  and  the  requirements  for  long  - 
range  sewerage  planning. 

Phase  MI,  General  Financial  Program.  Developed  a schedule  of 
priorities  to  he  followed  in  implementing  the  recommended  regional 
sewerage  plan,  estimated  the  cost  of  the  projects  by  stages  and  discussed 
methods  of  financing,  construction  maintenance  and  operation  and 
suggested  maintenance  and  operating  procedures. 

I he  l pper  Trinity  River  Basin  Comprehensive  Sewerage  Plan  is  a broad-based  study 
which  provides  the  basis  for  more  detailed  sewerage  planning  of  sewerage  facilities  to 
accommodate  future  requirements.  Because  of  its  broad  scope,  no  field  surveving. 
sub  suriace  borings,  flow  gagings.  or  laboratorv  analvses  were  undertaken  or  were 
needed  to  develop  the  general  recommendations  in  this  studv.  A considerable  amount 
ot  information  prc\  iouslv  dev  eloped  was.  how  ev  er.  obtained  and  util  i/.ed. 

I he  North  Central  1 exas  region  is  a dynamically  growing  area  and  for  this  reason,  it  is 
difficult  to  project  with  great  assurance  exactly  what  sewerage  needs  will  he  felt 
through  the  entire  50  year-period  (to  2020).  As  conditions  change  and  development 
proceeds,  the  comprehensive  sewerage  plan  must  he  updated  to  assure  its  relevance  to 
current  conditions.  It  is  suggested  that  this  report  he  updated  at  five  to  ten  year 
i nterv  als. 

DESCRIPTION  OF  STl  DY  AREA 

The  limits  of  the  study  area  are  defined  by  county  boundaries,  watershed  divides  and 
by  rivers  as  shown  on  Pig.  II-2.  The  entire  study  area  covers  an  area  of  about  11.000 
square  miles  and  includes  ten  entire  counties  and  parts  of  1 1 others.  Most  of  the  studv 
area  lies  within  the  Trinity  River  Basin  and  makes  up  about  65  percent  of  the  entire 
Trinity  River  Basin  drainage  area.  The  area  encompassed  by  the  North  Central  Texas 
Council  of  Governments  includes  ten  entire  counties:  Collin.  Dallas.  Denton.  Ellis. 
Johnson.  Kaufman.  Parker.  Rockwall,  Tarrant,  and  Wise.  Counties  which  lie  partlv 
within  the  study  area  are  Archer.  Clay.  Cooke.  Fannin.  Gray  son.  Henderson.  Hunt. 
Jack.  Montague.  \ an/andt  and  A oung. 

In  the  study  area  there  are  over  100  cities,  the  largest  of  which  are  Dallas  and  Fort 
W orth  located  approximately  in  the  center  of  the  study  area.  The  total  population  of 
the  study  area  is  estimated  to  he  about  2.700,000  at  the  present  time. 
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The  principal  topographic  features  of  the  study  area  are  the  manmade  lakes  located 
along  the  Trinity  River  and  its  tributary  streams, The  study  area  has  been  described 
generally  as  being  divided  into  two  topographic  zones;  the  central  lowland  province 
and  the  coastal  plain  province.  I he  central  lowland  province  is  described  as  that 
rugged  area  to  the  west  of  Gainesville  and  hurt  Vtorth,  and  the  coastal  plain  province 
is  described  as  the  flat  rolling  terrain  to  the  east  of  these  cities  ami  covering  the 
remaining  portion  of  the  study  area.  General  land  elevation  rises  front  about  400  ft 
above  sea  level  at  the  extreme  southeast  corner  of  the  studv  area  to  about  El.  1,250  on 
the  divide  in  the  northwest  corner  of  the  Trinity  River  Basin. 

Geologically,  the  Trinity  River  Basin  has  numerous  rock  outcrop  formations  ranging 
in  age  from  the  Pennsylvanian  to  the  Pleistocene  (glacial)  geologic  period.  Generallv. 
rock  formations  dip  in  an  easterly  and  southeasterly  direction  following  roughly  the 
direction  of  flow  of  the  Trinity  River.  The  southeasterly  dip  of  the  strata  is  greater 
than  the  general  slope  of  the  land  and  consequently,  the  outcrops  of  successivelv 
younger  formations  are  encountered  progressing  downstream.  The  top  of  the  rock 
surface  is  generally  closest  to  the  land  surface  in  the  western  portion  of  the  studv  area 
and  lies  at  a greater  depth  in  the  eastern  portion  of  the  study  area.  Most  of  the  land 
surface  is  covered  with  clays  of  varying  types  except  for  some  of  the  larger  stream 
v alley  s w here  gravel,  si  It  and  sand  also  occur. 

NEED  FOR  STl’DY 

I he  pollution  of  natural  bodies  of  water  by  sanitary  sewage,  agricultural  runoff  and 
industrial  wastewater  is  a problem  of  increasing  concern.  Prime  considerations  with 
regard  to  pollution  are  the  danger  to  public  health  and  safety,  the  befouling  of  lakes 
and  reservoirs  used  for  water  supply,  and  limitation  of  the  recreational  value  of  lakes, 
streams  and  reservoirs.  The  control  of  water  pollution  i'  essential  to  the  maintenance 
of  an  environment  conducive  to  the  most  enjoyable  and  beneficial  lives  both  of  man 
and  animals. 

( ontaminat ion  of  rivers,  lake*  and  streams  with  organic  material,  nutrients,  disease- 
producing  bacteria  and  viruses  results  from  the  discharge  of  untreated  or 
inadequatelv  treated  wastewater  from  both  urban  and  rural  areas.  Floating  solids, 
algae  and  undesirable  aquatic  vegetation,  oil.  scum,  turbid  or  colored  waters  and 
odors  are  phy  sical  ev  i deuces  of  pol  I ut  ion  and  are  object  ionahle. 

Many  lakes  and  reservoirs  in  the  North  C.entral  Texas  region  are  used  for  both  water 
supply  and  recreation  purposes.  Others  are  used  also  for  flood  control  and  cooling 
water  purposes.  I he  discharge  of  polluting  substances  into  these  bodies  of  water 
threatens  their  suitability  for  such  purposes.  Increasing  pollution  of  streams  and  lakes 
will  inevitably  render  them  useless  ultimately  for  water-based  recreational  activities 
such  as  fishing,  sw intming  and  boating.  It  is  essential  that  the  lakes  and  streams  of  the 
North  Central  IVxas  region  he  fullv  protected  from  pollution  at  the  earliest  possible 
time  to  prevent  the  degradation  of  these  valuable  resources. 

The  prov  ision  of  adequate  treatment  for  sewage  and  industrial  wastewaters  is  essential 
to  eliminate  health  hazards,  prevent  the  deterioration  of  lake  waters  and  to  provide  a 
more  healthful  and  enjoyable  environment.  Costs  for  providing  adequate  treatment 
for  wastewaters  are  small  when  compared  with  the  benefits  gained  in  preserv  ing  these 
bodies  of  water.  The  need  exists  for  the  most  efficient  and  effective  methods  for 
reducing  or  eliminating  the  pollution  of  the  water  resources  of  the  North  Central 
Texas  region. 
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WATER  SUPPLY 


l util  tin-  drought  of  the  I950’s  groundwater  was  the  only  source  of  fresh  water  in  most 
smaller  communities  within  the  study  area,  and  it  was  generally  accepted  by  these 
communities  that  the  subsurface  aquifers  which  had  supplied  them  with  fresh  water 
for  so  many  years  were  more  than  sufficient.  However,  as  the  drought  progressed  and 
populations  increased,  the  water  supplies  diminished.  Even  the  water  supplies  of  the 
larger  cities  became  perilously  low.  Serious  concern  gave  rise  to  the  organization  of 
committees  and  the  initiation  of  engineering  investigations  to  develop  new  water 
supplies.  An  example  of  such  a committee  is  the  Dallas  Water  Survey  Committee, 
formed  by  theCity  of  Dallas  and  including  all  of  Dallas  Countv. 

A report  entitled,  “An  Inventory  of  Vi  ater  Related  Systems  and  Facilities”  was 
prepared  by  Forrest  and  Cotton,  Inc.  and  Freese,  Nichols  and  Endress  at  the  direction 
of  the  North  Central  Texas  Regional  Planning  Commission.  Water  facilities  in  each  of 
the  ten  counties  in  the  NCTCOG  and  in  contiguous  areas  were  surveyed  and  tabulated 
in  that  report.  Of  the  1 83  distribution  systems  survey  ed.  56  percent  of  the  customers 
were  in  Dallas  County  and  3 I percent  in  Tarrant  w ith  only  13  percent  in  the  remaining 
eight  counties  in  the  NCTCOG. 

SUBSURFACE  WATER  SUPPLIES 

There  are  about  400  wells  know n in  the  study  area  that  serve  water  systems  of  any  size. 
The  total  average  yield  of  the  wells  has  been  estimated  at  about  35  mgd  (million 
gallons  per  day)  or  perhaps  12  percent  of  the  average  daily  water  requirements  in  the 
study  area.  Early  wells  in  the  area  had  piezometric  levels  of  water  at  or  just  a few  feet 
below  the  ground  surface,  hut  at  present  these  levels  vary  from  about  800  ft  to  1.000  ft 
below  the  surface. 

The  principal  water  hearing  strata  in  the  study  area  are  in  the  sand  formations  of  the 
Woodbine,  the  Paluxy  and  the  Basal  Trinity  layers  in  descending  order.  Recharge  of 
these  aquifers  is  very  slow  with  water  movement  estimated  to  be  at  a rate  of  only  about 
00  ft  per  vear.  Because  of  this  slow  movement  and  low  total  yield,  artificial  recharge  by 
means  of  injection  of  treated  wastewater  does  not  appear  practical  on  a broad  scale. 

SURFACE  WATER  SUPPLIES 

During  the  drought  of  the  I950's  the  City  of  Dallas  constructed  a pipeline  to  tap  the 
waters  of  the  Red  River  for  use  as  a supplemental  water  supply  source.  Because  of  the 
problems  caused  hv  the  introduction  of  this  corrosive  water  into  the  Dallas 
distribution  system  and  the  subsequent  construction  of  a number  of  additional 
surface  water  supplies,  the  Red  River  source  is  no  longer  used.  Lakes  and  reservoirs 
located  in  and  near  the  studv  area  now  supply  most  of  the  needs  for  municipal  water. 
These  lakes  and  reservoirs  are  listed  in  Table  1 1 - 1 and  most  are  shown  on  Fig.  1 1 -2. 
Most  of  the  lakes  and  reservoirs  in  the  area  are  man-made  (not  natural)  and  are 
utilized,  as  discussed  above,  for  recreational,  flood  control,  water  supply  or  cooling 
water  purposes.  The  ( lorps  of  Engineers  has  constructed  five  of  the  major  reservoirs  on 
branches  of  the  Trinity  River  in  the  study  area:  the  Lavon,  Garza-Little  F'.lm  . 
Grapevine.  Benbrook.  and  Bardwell  Reservoirs.  Five  additional  reservoirs  are 
planned  within  the  study  area  as  part  of  the  planned  Trinity  River  improvement 
program. 
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TABLE  II-l. 


MAJOR  EXISTING  RESERVOIRS  SERVING 
THE  NCTCOG  REGION* 


OV 


Capacities 

Normal 

Conservation 

Flood 

Surface 

Saf  e 

Pool 

Pool 

Area 

Yield 

Reservoir 

(acre-f t) 

(acre-f t) 

(acres) 

(mgd) 

Arlington  Lake 

35,600 

0 

2,275 

5.8 

Bachman  Lake 

900 

0 

150 

0 

Bardwell  Reservoir 

42,800 

79,600 

3,570 

6.5 

Benbrook  Lake 

72,500 

170,350 

3,770 

8.4 

Lake  Bridgeport  (Enlarged) 

400,810 

0 

13,770 

63.0 

Cedar  Creek  Reservoir 

608,000 

0 

33,750 

173.5 

Cement  Lake 

0 

5,090 

270 

0 

Cleburne  Reservoir 

18,330 

0 

1,545 

3.2 

Eagle  Mountain  Lake 

143,500 

0 

8,500 

- 

Garza-Little  Elm  Reservoir 

436,000 

525,200 

23,280 

72.1 

Grapevine  Reservoir 

161,250 

238,250 

7,380 

23.4 

Kaufman  City  Lakes 

1,954 

3,082 

545 

- 

Lavon  Reservoir  (Enlarged) 

380,000 

275,600 

21,400 

86.6 

Marine  Lake 

3,350 

11,600 

245 

0 

Mineral  Wells  Reservoir 

5,005 

0 

646 

0.2 

Mountain  Creek  Lake 

25,700 

0 

2,940 

0.4 

Muddy  Creek  Reservoir 

7,330 

0 

885 

5.3 

North  Lake 

17,000 

0 

820 

0 

Lake  Ray  Hubbard 

483,740 

0 

24,900 

66.9<2) 

Lake  Tawakoni 

907,200 

0 

36,700 

206.0(2) 

Terrell  City  Lakes 

1,500 

0 

- 

1.4 

Lake  Waxahachie 

12,000 

0 

687 

3.2(2) 

Lake  Weatherford 

13,100 

0 

1,280 

1.6 

White  Rock  Lake 

12,300 

0 

1,095 

0 

Lake  Worth 

31,600 

0 

3,267 

- 

TOTALS 

3,821,469 

1,308,772 

193,670 

727.5 

Notes : 

(1)  Ail  safe  yields  determined  by  the  Texas  Water  Development  Board, 
except  as  otherwise  noted. 

(2)  Yields  determined  by  engineers  for  the  Trinity  River  Authority. 

♦Information  in  this  table  from  1968  Forrest  and  Cotton,  Inc., 
and  Freese,  Nichols  and  Endress  inventory. 
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Other  major  water  reservoirs  in  the  stud)  area  are  Eagle  Mountain  Lake.  Lake 
Bridgeport,  Cedar  Creek  Lake  and  Lake  Ray  Huhhard.  The  Tawakoni  Reservoir, 
although  in  the  Sabine  River  Watershed  and  owned  In  the  Sabine  River  Authority, 
supplies  water  to  the  City  of  Dallas.  Cedar  Creek  Lake  will  supply  the  City  of  fort 
Worth  and  Tarrant  County  when  pumping  and  force  main  facilities  are  completed 
(expected  to  he  in  operation  by  January.  1973).  There  are  also  municipal  lakes 
supply  ing  the  Cities  of  Weatherford.  Cleburne,  Arlington.  Waxahachie,  Terrell  and 
Kaufman. 

The  safe  y ield  of  the  2,3  major  existing  surface  water  supplies  serv  ing  the  North  ( Central 
Texas  region  is  estimated  to  he  almost  7.50  mgd.  including  173  mgil  from  Cedar  Creek 
Lake. 

SUMMARY 

In  1967.  the  average  daily  water  consumption  in  the  study  area  was  estimated  to  hi' 
about  268  mgd.  and  the  total  water  supplv  presently  developed  or  being  developed, 
including  both  surface  and  groundwater  supplies.  i>  estimated  to  he  about  763  mgd. 
Thus,  it  appears  that  total  water  supplies  for  the  study  area  are  adequate  at  the 
present  time  even  for  peak  demand  periods.  However,  in  order  for  the  763  mgd  y ■■■!.! 
to  serve  all  points  where  it  is  required  in  the  study  area  a greater  capacity  tor  intra- 
regional  transfer  of  water  would  be  required  than  now  exists.  Projections  ol  water 
requirements  made  for  this  studv  and  also  in  the  Texas  Water  Plan  indicate  that  the 
future  water  needs) hev ond  about  1990)  of  the  North  Central  Texas  region  cannot  be 
met  entirely  from  sources  within  the  area  unless  extensive  reuse  of  water  is  made.  That 
Water  Plan  proposes  that  water  he  imported  into  the  region  on  an  interstate  or  on  an 
inter-basin  transfer  basis. 

OTHER  ENGINEERING  STUDIES 

Many  investigations  and  engineering  studies  have  been  made  by  federal.  State  and 
local  governmental  agencies  and  private  consultants  that  have  included  all  or  parts  ot 
the  study  area.  These  reports  have  been  reviewed  and  evaluated  to  determine  their 
usefulness  and  relevance  to  this  study,  and  they  are  all  listed  in  the  bibliography 
( Appendix  I).  Of  particular  value  to  this  study  have  been  sewerage  reports  prepared 
for  the  Cities  of  Dallas.  Fort  Worth,  Grand  Prairie,  Garland.  Arlington,  and  the 
Trinity  River  Authority.  Many  other  engineering  reports,  construction  plans  and 
planning  reports  for  cities,  counties  and  agencies  within  the  study  area  have  been 
reviewed  to  assist  in  the  development  of  alternative  plans  for  principal  plans  for 
principal  trunk  sewers  and  treatment  facilities.  References  have  been  made  to 
particular  studies  as  they  apply  to  various  sections  of  this  report  wherever  such 
references  appeared  appropriate. 

CURRENT  PROJECTS 

Projects  and  studies  recently  completed  or  currently  under  way  in  the  studv  area, 
which  have  an  effect  on  the  comprehensive  sewerage  plan,  include  those  described 
below. 

linsic  Economic  ami  Dcmofirnphic  Stml\.  The  CONSAD  Research  Corporation 
prepared  for  NCTCOG  an  economic  and  demographic  study  of  the  NC.TCOG  area  in 
which  small-area  forecasts  were  made  of  residential  and  employment  population 
through  the  year  2000.  \ mathematical  model  of  population  was  prepared  and 

calibrated,  and  a computer  program  was  developed  to  generate  populationprojeetions. 


11-9 


Airport-Related  Studies.  The  NCTCOti  is  conducting  studies  related  t<»  tile  efleel  ol 
the  Dallas-Kort  Worth  Regional  \irport  on  economic  growth  and  urhani/at ion  ol  tin- 
area  in  it-  vicinitv.  These  studies  include  compatible  land  use.  airport  economic- 
impact  analyses.  transportation  coordination  studies,  and  a cooperative  program  ol 
planning  lor  airport  impac  t.  The-  Regional  Science  Research  Institute  has  prepared  for 
the  \<  a forecast  of  the  impact  of  the-  Regional  \irport  on  nearbv  cities,  in 

term'  of  populat  ion,  emplov  ment.  and  government  serv  ices  required. 

Rolvmer s for  Setrer  Clow  Control.  The  (!itv  of  Dallas  is  eurrcntlv  investigating  the 
iis<*  «»!  |>ol\  m<*r>  in  pipelines  to  reduce  energ\  lo>>  due  to  tril  lion.  there  hv 
increasing  the  carrving  eapaeitv  ol  a pipe  of  given  diameter  and  slope.  I he  sludv  Ini' 
hi-c-n  undertaken  hv  I lie  Researeh  Division  of  the  Western  (.'ompanv  of  Richard'on. 
leva-  for  the-  ( it  v of  Dal  la*  with  the  support  of  an  I-  W (,)  A grant  and  is  e\  peeled  to  be 
completed  ill  P)72. 

Infiltration  Studies.  The  Tc-\us  Water  Oualitv  Hoard  i-  -Inching  methods  and 
economic-  of  controlling  the  infiltration  of  surface  and  groundwater  into  -anilarv 
--ewers.  Design  and  construction  practices  for  new  construction  and  remedies  (or 
exist ing  sv stems  are  being  stud ic-d. 

Sewage  treatment  Rian  Iff) hit'll t Chlorination  Stntly.  \n  18  month  joint  »tud\  hv 
Tort  W or  th  and  Dal  la-  is  present  Iv  in  progress  to  determine-  the  el  I eel  s on  t lie  river  ol 
chlorination  of  sewage  effluent  at  municipal  treatment  plants.  I he  sludv  i-  being 
conducted  hv  North  Texas  Slate  l niversilv  using  the-  effiiient  Irom  the  Dallas  -W  bite 
Rock  Sewage  Treatment  Plant. 

W aslewater  Reelamation  Rilol  Riant.  1 he  (alv  cd  Dallas  has  established  a I mgd 
waslewatc-r  reclamation  pilot  plant  on  land  adjacent  to  the  White-  Rock  Sewage- 
Treatment  Plant.  The  pilot  plant  has  been  built  as  part  cd  the  Dallas  Water 
Reclamation  Research  (lenter.  designed  to  provide  basic  knowledge  about  advanced 
waste-water  treatment  processes.  Objectives  are  to  improve  the  cpialitv  ol  treated 
waste-water  discharged  to  the  Trinitv  River  and  to  condition  the  wastewater  lor 
reclamation  and  reuse,  iniliallv  for  industrial  use  and  later  a-  .1  possible  raw  water 
supplement. 

Stormwater  Treatment  Riant.  The  (atv  of  Dallas,  with  support  of  a I*  W (,>.\  (.rant,  is 
constructing  a plant  to  demonstrate  new  and  improved  method'  for  the  treatment  of 
stormwater  flows,  ut ili/ing  coagulants  and  waste-  lime  from  a water  treatment  plant. 
\n  evaluation  will  he  made  as  to  the  economics  of  construction  of  stormwater 
treatment  facilities  versus  the-  alternative  of  providing  additional  sewer  and 
conventional  treatment  eapaeitv. 

Irinitv  River  lulhority  Monitoring  Stud y.  The  I' R \ . under  contract  with  the 
N(!T(  !<)(..  i'  conducting  an  investigation  of  parameters  for  measuring  the  water 
cpialitv  in  the  l pper  Trinitv  River,  including  evaluation  of  existing  channel 
characteristics,  and  developing  requirements  for  water  cpialitv  monitoring  stations. 


Additional  studies  now  under  wav: 


r 


1.  A regional  transportation  study  by  consultants  to  the  NCTCOG  and 
the  Cities  of  Dallas  and  Fort  Worth  which  are  jointly  engaged  by  the 
F.S.  Department  of  Transportation  to  investigate  all  types  of 
transportation  in  the  metropolitan  areas. 

2.  A Trinity  River  environmental  enhancement  study  which  the 
Overview  Corporation  is  conducting  for  the  City  of  Fort  W orth. 

3.  A recreation  facilities  study  being  conducted  hv  North  Texas  State 
l niversity  under  an  FWQA  grant  to  plan  such  facilities  along  the 
Trinity  River  in  relation  to  the  planned  canalization  project. 

f.  A nutrient  removal  study  being  conducted  by  the  City  of 
Richardson  under  an  FWQA  grant. 

5.  A study  of  chlorination  of  effluent  from  oxidation  ponds  being 
conducted  by  the  Texas  State  Department  of  Health  at  the  Ennis 
Sewage  Treatment  Plant. 

PENDING  PROJECTS 


Financial  Policy  Plan.  The  NCTCOG  plans  to  conduct  an  investigation  as  necessary  to 
determine  detailed  financial  and  plan  implementation  requirements  of  the  l pper 
Trinity  River  Basin  Comprehensive  Sewerage  Study. 

IFater  Quality  Management  Study.  The  Trinity  River  Authority,  in  conjunction  with 
Tarrant  County  Water  Control  and  Improvement  District  No.  1.  has  made  application 
to  FWQA  and  TW’QB  for  planning  grants  to  conduct  a water  quality  management 
study  for  the  entire  Trinity  River  Basin.  The  study  would  require  about  three  years, 
and  the  majority  of  the  work  would  be  conducted  in  the  reach  of  the  Trinity  River 
lying  between  the  lower  limits  of  the  NCTCOG  study  and  the  upper  limits  of  the 
Galveston  Bay  study  areas.  It  is  intended  that  the  results  of  the  COG  study  and  the 
Galveston  Bay  study  he  incorporated  with  the  proposed  study,  with  the  result  being  a 
water  quality  management  plan  for  the  entire  Trinity  River  Basin. 
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CHAPTER  III 

WATER  QUALITY  CONSIDERATIONS 

GENERAL 

The  development  and  implementation  of  a comprehensive  sewerage  system  for  North 
Central  Texas  requires  the  full  consideration  of  existing  water  quality,  sources  of 
pollution,  and  water  quality  objectives  to  he  obtained.  Briefly  stated,  a comprehensive 
water  pollution  abatement  program  for  the  area  must  aim  for  two  objectives: 

1.  Protect  lakes  and  reservoirs,  used  for  water  supply  and  recreation, 
from  contamination  and  eutrophication. 

2.  Enhance  the  water  quality  of  the  l pper  Trinity  River  and  i t - 
tributaries  to  permit  its  optimum  use. 

Each  objective  recognizes  both  public  health  and  aesthetic  values.  In  addition 
discussion  of  water  quality  in  the  Trinity  River  must  consider  the  effect  of  the  locks 
and  dams  planned  for  construction  as  part  of  the  canalization  project. 

TEXAS  WATER  QUALITY  REQUIREMENTS 

The  Texas  Water  Qualitv  Act,  as  amended.  (S.B.  147.  1969)  states:  "It  is  the  policy  ol 
this  state  and  the  purpose  of  this  Ve  t to  maintain  the  quality  of  the  water  in  the  state 
consistent  with  the  public  health  and  enjoyment,  the  propagation  and  protection  of 
terrestrial  and  aquatic  life,  the  operation  ol  existing  industries,  and  the  economic 
development  of  the  slate:  to  encourage  and  promote  the  development  and  use  ol 
regional  and  area-wide  waste  collection,  treatment,  and  disposal  systems  to  serve  the 
waste  disposal  needs  of  | he  ci  I izens  of  I he  state:  and  to  require  tlx-  use  ol  all  rcasnnahlc 
methods  to  implement  this  policy  ." 

In  accordance  with  this  Vet  the  Texas  Water  Quality  Board  has  established  and 
published  water  qualitv  standards  for  all  waters  of  the  State.  V copy  ol  the  General 
Statement  and  specific  requirements  for  water  qual’ly  zones  in  the  Trinity  River  Basin 
are  presented  in  Vppcndix  V.  V plan  showing  tlx-  several  water  quality  zones  in  the 
l pper  Trinity  River  Basin  is  presented  as  Fig.  1 1 1 - 1 . These  requirements  were 
approved  |>v  the  Federal  W ater  Quality  Administration  (FWQ\).  formerly  the  Federal 
Water  Pollution  Gontrol  Administration,  without  exceptions,  in  January  1968.  J'liese 
reqniremcnts  include  limits  of  various  pollution  characteristics  to  he  permitted  in  tlx- 
river.  suitable  uses  for  the  water  and  know  n uses. 

Furthermore,  it  is  the  policy  of  the  Stale  to  require  primary  and  secondary  treatment 
and  disinfection  (except  for  oxidation  pond  effluents)  at  all  treatment  facilities 
serv  ing  the  general  public.  Such  t real  men  I is  considered  to  be  the  minimum  required, 
and  ill  addition,  a permit  system  has  been  established  hy  the  Board  which  limit'  tlx- 
qtiant  it  v . character  and  qualit  v of  t lx-  w aste  t hat  may  be  disc  barged  into  waters  of  t he 
State.  The  Board  encourages  the  consolidation  of  sewage  treatment  facilities  where 
feasible. 

(■'onstriiction  and  operation  of  the  sewage  interception  and  treatment  facilities  and 
implementation  of  the  policies  recommended  herein  will  help  to  insure  that  tlx- 
snrface  waters  within  the  North  (.entral  Texas  region  will  meet  tlx-  requirement'  ol 
t lie  Texas  W a ter  Qua  I it  v Vet. 
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EXISTING  WATER  QUALITY 

The  «| na  1 i t \ of  existing  surface  waters  in  the  North  Central  Texas  region  is  extreme!) 
v ariahle  depending  on  location  and  climatological  conditions.  This  i>  due  in  large  part 
to  the  fact  that  much  of  the  region  is  lightK  populated  whereas  the  Dallas-Fort  'X  orth 
metropolitan  area  and  a few  other  smaller  cities  have  relatively  high  concentrations  ol 
population  and  industry.  In  addition,  weather  conditions  throughout  the  region  vary 
from  extended  drought  periods  to  severe  tropical  type  rainstorms. 

A fully  definitive  description  of  water  quality  in  the  study  area  would  require  a 
comprehensive  program  of  water  quality  monitoring  including  sampling  and  analysis. 
Such  a program  is  currently  contemplated  by  the  Trinity  River  Authority.  The 
discussion  herein  is  based  on  information  obtained  from  the  following  agencies: 

1.  Texas  State  Department  of  Health  (TSDH) 

2.  Texas  Vi  ater  Quality  Hoard  (TWQB) 

3.  Texas  ^ ater  Development  Hoard  ( TV)  DB) 
f.  I nited  States  Geological  Survey  (l  SGS) 

5.  I he  City  of  Dallas  Vi  ater  l tilities  Department 

6.  The  City  of  Fort  Vi  orth  Vi  ater  and  Sewer  Department 

\ -i  hemal i<  diagram  of  water  quality  is  presented  on  Fig.  III-2.  This  diagram  shows 
the  locations  of  water  quality  sampling  stations,  major  municipal  sewage  treatment 
plant'  and  significant  industrial  wastewaters  sources.  Locations  are  shown  by  main 
'tern  river  mile  to  assist  in  future  oxygen  sag  analyses. 


PREVIOUS  INVESTIGATIONS 

The  data  from  the  TSDH  covers  a period  from  1958  to  1962  and  contains  a large 
number  of  measurements  of  chloride,  sulfate,  total  solids,  dissolved  oxy  gen  ( D.( ).)  and 
R<  >D.  These  data  have  been  converted  into  data  bars  and  are  shown  on  big.  1)1-3.  1 1 1-4. 
and  III  5.  They  provide  a visual  indication  of  the  ranges  within  which  the  quality  of 
waters  in  the  Trinity  River  varies.  The  governing  water  quality  conditions  generally 
are  those  which  occur  during  low  flow  periods  w ith  accompany  ing  high  temperatures. 

The  objective  of  that  TSDH  water  quality  monitoring  program  was  to  provide  a 
general  profile  of  water  quality  throughout  the  State.  The  sampling  nethod  used 
consisted  of  grab  samples  taken  by  State  game  wardens  and  shipped,  uiirefrigerated. 
hv  Railway  Express  or  by  motor  freight.  Because  of  the  unrefrigerated  nature  of  the 
samples,  the  dissolved  oxvgen  and  BOD  determinations  are  not  considered  fullv 
reliable  for  comparison  with  State  water  quality  standards. 

In  .1  ii I v I960  the  TSDH  Division  of  W ater  Pollution  Control  prepared  a report  entitled 
"I  pper  Trinity  River  Sewage  and  Industrial  W a'te  Survey."  For  that  report  water 
qualitv  samples  were  obtained  at  hi-monthlv  intervals  at  33  sampling  points.  Results 
obtained  from  the  samples  collected  at  these  "base  line"  stations  indicated  that  the 
water  in  the  Trinity  River  was  of  generally  poor  organic  quality.  Conclusions  of  that 
report  were  as  follows: 


1 1 1-3 


1.  The*  poor  organic  quality  is  a result  of  inadequate  collection  and 
treatment  of  sewage  and  industrial  wastes,  coincident  with  restricted 
flow  character  is  t ics  oft  he  Trin  it  y Hi  v er. 

2.  Some  municipalities  in  the  survey  area,  which  obtain  their  water 
from  streams  and  impoundments  are.  in  fact,  using  the  diluted  sewage 
effluents  of  upst ream  cities. 

■5.  liegiuning  at  the  confluence  of  Marine  (ireek.  with  the  West  Fork 
Trinitv  River.  in  Fort  W orth,  and  extending  dow  nstream  to  a point  near 
Rosser.  in  Kaufman  (.ounty  . the  Trinity  Hiver  is  devoid  of  oxy  gen  and  is 
unable  to  accomplish  self-stabilization.  Oxidation  of  organic  matter  is 
retarded  and  septic  conditions  and  offensive  odors  are  usually  present. 

The  water  is  turbid  and  discolored.  Sludge  banks  mat  be  observed  at 
numerous  locations.  Ibere  is  insufficient  oxygen  for  fish  life  to 
propagate. 

I.  f loating  and  suspended  matter  was  observed  in  the  Trinity  Hiver. 
I’svchoda  larvae  were  found  in  the  waters  of  the  Irinily  Hiver  on 
numerous  occasions.  During  high  stages  of  the  river,  large  quantities  of 
raw  sewage  are  discharged  from  the  plants  that  are  operating  at.  or 
above,  design  capacitv.  This  raw  sewage  increases  the  HOI)  of  the  water 
and  contributes  to  offensive  and  unsightly  sludge  hanks  when  the  river 
subsides. 

The  IfbO  report  made  the  following  recommendations: 

1.  To  abate  the  pollution  of  the  Trinity  Hiver.  all  governing  bodies  or 
industries  that  use  treatment  plants  as  a method  of  disposal  of  wastes 
should  provide  sufficient  facilities  for  adequate  and  complete 
t reatment  ol  w astes. 

2.  \ base  flow  should  he  maintained  in  the  Trinity  Hiver  to  obtain 
good  water  qualitv  conditions.  (Kstimates  made  of  low  flow 
augmentation  requ i remen ts  are  d iscussed  in  ( .ha pier  \ . ) 

PKF.SKNT  CONDITIONS 

Present  water  qualitv  conditions  in  the  Trinity  Hiver  are  discussed  below  lor  each  of 
the  four  water  qualitv  zones  as  shown  on  Fig.  111-1.  Recent  analyses  of  samples  for 
DO..  HOD.  nitrate  and  phosphate  collected  at  various  selected  sampling  stations  are 
presented  in  Table  111-1.  The  analyses  shown  are  considered  to  he  representative  of 
the  conditions  occurring  in  the  river  during  critical  summer  periods  for  the 
parameters  shown.  Plots  considered  typical  of  the  analyses  during  such  periods  for 
dissolved  oxvgen  and  HOD  are  presented  on  Fig.  1 1 1-6.  and  are  compared  with 
maximum  allowable  annual  average  HOD  concentrations  and  minimum  allowable 
DO.  concentrations.  It  is  recognized  tbat  allowable  HOD  is  expressed  in  terms  of  an 
annual  average  and  that  stream  conditions  on  the  average  may  satisfy  this 
requirement.  However,  the  annual  average  measurement  is  not  considered  meaningful 
for  critical  summer  conditions.  It  should  further  be  noted  that  lor  low  flow 
augmentation  studies  discussed  in  (Chapter  \ and  Appendix  (>  D.O.  requirements  and 
not  HOD  requirements  govern  augmentation  needs. 
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TABLE  I I 1-1. 

SELECTED  ANALYSES  OF  TRINITY 
(Sumner  Conditions) 

RIVER  WATER 

Samp  1 mg 

W 

Scat  ion  Lo  tat  ion 

Main  Stem 
River  Mile 

Source  of 
Data 

Date 

Water 
Temp . 
(*F) 

D.0. 

BOD 

(«n&/l)  _ 

Nitrate 

Phosphate 
(ms  1 1 ) 

River  Flow 
(iLtsja* 

MAIN  STEM' 

STATIONS 

4 

Downstream  from  Con- 
fluence with  Clear 
Fork 

558.4 

Fort  Worth 

7/18/89 

8/1/69 

79 

84 

5.0 

7.3 

12.0 

13.0 

: 

34 

40 

12 

Downstream  from 
Riverside  STP 

54  7.  3 

Fort  Worth 

7/18/69 

8/1/69 

79 

83 

6.5 

2.0 

8.0 

22.0 

: 

15 

Downstream  f i >m 
Village  Creek  STP 

532.8 

Fort  Worth 

7/18/69 

8/1/69 

77 

84 

2.5 

1.5 

8.0 

36.0 

: 

1 

' 

L 

Downs t ream  from  Con- 
fluence with  Mountain 
Creek 

507.2 

Dallas 

7/29/68 

8/5/68 

81 

83 

3.0 

3.6 

19.0 

10.0 

: 

14.2a 

24.4 

3 

Downstream  from  Con- 
fluence with  Elm  Pork 

500. 7 

Dallas 

7/29/68 

8/5/68 

81 

83 

3.4 

5.4 

13.0 

8.0 

7.2 * 
12.0 

420 

271 

» 

Upstream  from  Dallas- 
White  Rock  STP 's 

497.0 

Dallas 

7/29/68 
8/5-6  8 

79 

83 

5.0 

6.0 

17.0 

10.0 

3.0* 

10.9 

5 

Downstream  from 
Dallas-White  Rock 
STP's 

494,7 

Dallas 

7/29/68 

8/5/68 

81 

83 

2.8 

1.5 

21.0 

20.0 

M.9* 

16.1 

: 

6 

Downstream  from  Con- 
f lueni  e with  White 
Rock  Creek 

491.8 

Dallas 

7/29/68 

8/5/68 

81 

8) 

1.8 

0.0 

15.0 

12.0 

: 

12.5* 

15.8 

703 

388 

7 

Upstream  from  Dallas- 
South  Side  STP 

483.2 

Dal  las 

7/22/68 

8/19/68 

82 

82 

0.0 

1.3 

8.0 

7.0 

: 

9.2* 

12.0 

: 

a 

Downstream  from  Dallas- 
South  Side  STP 

478.0 

Dallas 

7/22/68 

8/19/68 

82 

82 

1.0 

2.6 

9.0 

6.0 

: 

7.2* 

8.5 

: 

9 

Upstream  from  Con- 
fluence with  Ten 

473.8 

Dallas 

7/22/68 

8/19/68 

82 

2.9 

7.0 

6.0 

8.6* 

11.5 

- 

Mile  Creek 

8-0480 

(USCS) 

Sear  Fort  Worth 
Station  No. 4 

558 

TWQB 

7/24/69 

8/14/69 

88 

104 

0.6 

5.4 

3.8 

1.6 

1.2 

0.46 
0.  36 

32 

20 

8-0495 

(USCS) 

Near  TS DM 
Station  No.  27 

515 

TWQB 

8/14/69 

90 

N3 

4.0 

4.6 

14.0 

17.0 

29.0 

54.0 

10.0 

27.0 

206 

120 

8-0574.1 

Near  Dal  las 
Station  No.  6 

492 

TWQB 

7/23/69 

8/12/69 

88 

48 

0.4 

11.0 

45.0 

36.0 

17.0 

13.0 

531 

397 

8~062b 

(USCS) 

Near  Rosser  and  1SDH 
Slat  i on  V jJ) 

452 

TWQB 

7/23/69 
6'12/ 69 

88 

88 

3.6 

3.4 

12.0 

19.0 

31.0 

21.0 

16.0 
18. 0 

694 

430 

8-0627 

(USCS) 

At  Trinidad 
Near  T5DH 
Station  No.  9 

392 

IVQB 

7/23/69 

8/12/69 

90 

92 

6.5 

3.4 

16.0 
10. 0 

17.0 

21.0 

11 .0 
12.0 

650 

510 

TRIBUTARY  STATIONS 

2 

Rim  Fork 

505 

Dallas 

7/29/68 

8/5/68 

80 

83 

6.8 

7.2 

13.0 

4.0 

: 

0.6* 

0.6 

: 

8-0620 

(USCS) 

East  Fork 
Near  TSDH 

480 

TWQB 

7/23/69 

8/12/69 

88 

90 

7.2 

8.7 

20.0 

19.0 

39.0 

45.0 

30.0 

36.0 

20 

25 

Station  N<  . 14 


•Orthophosphates  determined  bv  Dalla**. 


••River  flows  shown  where  av.ui.ibi> 
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I iioptM  t ion  of  tin-  anal W'  in  general  indicate  heavy  organic  pollution  (»l  tin*  river  and 
it-  principal  tributaries  the  Kim  Kork  and  the  Ka-l  l ork.  In  addition,  extremely  high 
value-  for  nitrate  and  phosphate  concentration-  are  noted,  indic  ating  a great  potential 
lor  eutrophication  of  river  water-  and  impoundment-.  These  analyses.  together  with 
v i-sial  oh-erv  at  ion-  of  the  river,  indie  ale  that  water  qualilv  in  the  Trinitv  Hiver  has  not 
materiallv  improved  -ince  the  1000  1 S I ) 1 1 -urv  ev . 

I he  ( lit v of  Dallas  ha-  compared  low  stream  flows  in  the  Trinitv  River  to  the 
di-»  harge-  of  wastewater  from  the  ( ii t v treatment  plants.  Such  data  indicate  that  there 
have  been  mam  vear-  when  low  flows  in  the  river  were  less  than  the  wastewater 
effluent-  discharged  from  the  treatment  plants.  \ similar  situation  exists  in  the  river 
helow  fort  Worth,  for  this  reason  the  qualilv  of  effluents  from  the  treatment  plant 
and  industries  i-  especially  critical  to  the  water  qualilv  in  the  river.  I nder  summer 
condition-  which  occur  for  extensive  period-  ol  time  in  the  study  area,  the  water 
qua  I it  v in  the  Trinitv  Kiver  and  it-  tributaries  i-  generally  unsatisfactory. 

fish  and  other  desirable  aquatic  wildlife  are  generally  unable  to  propagate  and  to 
survive  when  dissolved  oxvgcn  levels  remain  helow  about  4.0  mg  1.  It  is  evident  from 
available  analv-e-  that  dissolved  oxygen  levels  are  generally  below  that  figure  and 
frequently  reach  zero,  particularly  duripg  the  -ummer.  It  i-  not  surprising  therefore, 
that  numerous  fi-h  kill-  are  reported  in  the  Trinity  Kiver  and  its  tributaries.  Recent 
fish  kill-  have  boon  reported  at  Mountain  (.reck  Lake  and  at  Duck  ( .reek  in  Garland. 
The  State  I’ark-  and  Wildlife  Department  has  indicated  that  more  fi-h  would 
probablv  have  been  killed  bv  pollution,  except  that  the  fish  have  already  left  many  of 
the  streams.  It  i-  reported  that  only  the  sturdy  gar  and  catfish  can  tolerate  many 
reaches  of  the  Trinity  River. 

Not  all  pollution  in  the  Trinity  Kiver  is  caused  by  municipal  and  industrial  effluents 
and  surface  runoff,  landfill'  and  dumps  located  along  the  river  contribute  to 
pollution  and  the  impairment  of  aesthetic  quality  and  are  discussed  in  f.bapter  XI. 
f loating  material-  of  all  kinds  a-  well  as  junk  and  debris  are  found  along  the  river. 
The  origin  of  some  of  this  material  i'  a mystery,  hut  it  has  been  found  elsewhere  that 
i n hah i taut'  occasional  I v use-  st  reams,  lakes  and  riv  ers  as  dumping  grounds. 

Trinity  Hirer  II  filer  (Judlitf  /one  No.  0802.  I hi-  water  quality  /one  includes  the  entire 
W e»t  fork  of  the  Trinitv  Kiver  as  w cdl  as  that  port  ion  of  the'  main  stem  of  the  Trinity 
Kiver  above  Rosser  (mile  point  151.6.)  This  reach  is  approximated!  250  miles  in  length 
originating  in  the-  far  northwest  corner  of  the  study  area  and  traversing  the 
metropolitan  areas  of  fort  Worth  and  Dallas.  I pstream  front  fort  Worth  the 
water-bed  i-  relativelv  sparselv  populated  and  agricultural  u-es  of  the-  land 
predominate.  Downstream  portions  of  the  watershed  arc-  highly  developed  and 
continuing  to  develop  rapidly. 

W a ter  cpialit  v requirements  limit  the  minimum  l).( ).  concent  rat  ion  in  this  reach  to  1.0 
mg  I and  the' maximum  KOI)  to  15.0  mg  I. 

Principal  tributaries  to  the-  river  in  this  reach  are  the  (Hear  fork.  Marine  Greek. 
Village  Greek.  Mountain  Greek,  and  Kim  fork.  White  Rock  (.reek.  Ten  Mile-  (.’reek 
and  Kast  fork  Trinitv.  \-  might  he  expected,  the  water  quality  of  the  Trinity  River 
and  it-  tributaries  upstream  from  fort  Worth  i-  somewhat  better  than  it  is 
down-tream.  Nevertheless,  it  is  evident  from  inspection  ol  fig.  111-4  that  D.O.  levels 
approaeh  zero  at  every  station  at  some  time  during  the  year  and  most  commonly 


during  low  flow  high  temperature  condition*.  Inspection  of  Tig.  Ill-ft  indicates  tiiat 
with  the  exception  of  reaches  above  Fort  Worth  and  immedialciv  upstream  from 
Dallas.  D.t).  levels  under  representative  summer  conditions  do  not  meet  minimum 
State  requirements.  Maximum  allowable  lit  ) I ) levels  are  exceeded  in  major  portions 
of  this  reach  of  the  river  also.  ( ionec ntrations  of  nitrates  and  phosphates  increase 
greatlv  between  Tort  Worth  and  Vrlington.  this  effect  being  attributed  primarilv  to 
the  (diluent' from  the  Fort  Worth  and  \rlington  Sewage  Treatment  Plant'.  It  should 
he  noted,  however,  that  the  relative!)  low  concentrations  ol  these  nutrients  at 
Sampling  Station  f in  Fort  Worth  are  still  suffieientiv  high  to  pose  eutrophication 
problems.  No  apparent  effect  on  BOD  or  1).( ).  levels  from  the  IRA  (.entral  Ireatmenf 
Plant  is  i/idicated. 

Between  Dallas  Sampling  Stations  l and  5 (mile  points  (97.0  and  l'tf.7  respect iv elv  I. 
the  effect  of  the  Dallas-White  Rock  Treatment  Plant  effluent  is  noted  in  a drastic 
decrease  in  the  dissolved  oxvgen  content  accompanied  hv  a rise  in  HOI) 
com -entral  inn*.  Downstream  from  the  Dallas-White  Hoik  plants,  the  D.  < ).  level*  reach 
zero.  Record*  ind  irate  that  at  Dallas  Sampling  Station  6.  |).<  t.  lev  els  have  rear  bet1  'em 
in  1966.  1967  and  PH)!!.  It  i*  interesting  to  note  that  in  the  winter  month  of  Januarv 
I 969.  D.t  >.  lev  ids  of  zero  were  recorded  at  Dallas  Sam  pi  ing  Slat  ions  I . a and  6. 

Downstream  from  Sampling  Station  <>.  the  river  begins  to  recover  with  increasing 
dissolved  oxvgrn  leva  I*  and  decreasing  H(  (I)  level*  noted.  I.itlle  or  no  effect  of  the 
Dallas  South  Side  Treatment  Plant  on  river  qualitv  i*  noted.  Helnw  the  confluence 
with  the  Fast  Turk,  however,  an  increase  in  B(  )D  lev  cl*  i*  once  again  ev  ident,  and  t hi* 
max  he  attributed  to  the  high  concentrations  in  the  Past  Pork  as  discussed  below. 

Trinity  Hirer  If  filer  (Jualit\  /one  No.  0801.  Downstream  from  Rosser,  water  qualitv 
requirement*  remain  at  a minimum  dissolved  oxvgen  concentration  of  (.0  mg  1.  but 
maximum  H<  ID  concentration  i*  lowered  to  10  mg  I.  'This  reach  extends  from  Rosser 
to  Irinitv  Rav  on  the  Culf  of  Mexico.  V*  mav  be  seen  of  Tig.  111-6.  water  qualitv 
requirements  for  both  D.t  I.  and  HOD  are  not  met  downstream  from  Rosser  to  the 
limit*  of  the  *tudv  area  (mile  Point  .170.(1).  With  regards  to  the  dissolved  oxvgen 
content,  water  qualitv  tends  to  stabilize  at  a level  somewhat  below  minimum 
requirement*,  and  BOD  levels  exceed  the  maximum  allowable.  (II  particular  interest 
in  (hi*  reach,  how  ev  er.  are  recorded  concent  rations  ol  nitrates  and  phosphates.  N it  rate 
level*  range  from  17  to  81  mg  I.  and  phosphate*  range  from  I I to  18  mg  I.  all  of  which 
are  from  It)  to  100  times  the  concentrations  which  are  considered  to  he  conducive  to 
excessive  growth  of  algae  and  other  undesirable  aquatic  plant*.  It  i*  evident  that 
without  the  removal  of  these  nutrients,  severe  eutrophication  problems  in  reservoirs 
and  other  impoundments  along  the  river  mav  be  ant  ici  pa  ted. 

Mnnthlv  water  samples  from  Mav  1666  to  November  1969.  were  taken  from  the 
rerentlv  completed  Cedar  Frees  Reservoir,  a municipal  raw  water  snpplv  for  Fort 
Worth,  Chemical  analvses  indicate  that  the  Cedar  (’reek  raw  water  i*  genrrallv 
«up«  rior  in  qualitv  to  that  of  the  Fort  W orth  Fake  W orlh  raw  water  source.  \ chemical 
analv  >i' for  nit  rate*,  made  on  N<  venther  7.  1969  showed  a concentration  of  1.0  mg  I.  \ 
lanuarv.  |97(l  report  hv  \lvord,  Burdick  \ llowson.  consulting  engineer*  indicate 
"algae  grow t h'  in  Cedar  Creek  will  be  of  about  the  same  order  as  found  in  Fake  Worth 
Reservoir  " I hi*  report  also  indicates  that  "recognition  must  be  given  to  the 
potentialities  that  the  algae  growth*  in  the  (.edar  (.reek  reservoir  water  mav  cause 
short  filter  run'  at  time*.  Mthough  no  analvtieal  values  were  reported  for  DO.  or 
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R<  >D  median  values  for  sulphates,  chlorides,  and  total  dissolved  solids  were  obtained 
(12m"  I.  17  mg  1,  and  1 15  mg/1,  respectively). 


F.hn  Fork  Trinity  Hirer  H ater  Quality  /one  No.  0804.  The  Hint  Fork  Trinity  enters 
the  main  stem  ol  the  Trinity  River  at  approximately  mile  point  505.8  at  which  point 
tin*  West  Fork  Trinity  River  is  considered  to  become  the  Trinitv  River.  W ater  rpialilv 
requirements  rail  for  concentrations  of  1.0  mg  I for  both  dissolved  oxygen  and  ROD. 
and  it  is  ev  ident  that  while  D.< ).  requirements  are  met  as  far  as  the  analv  ses  -how  n in 
I able  lll-l  are  concerned,  BOD  levels  are  equalled  or  exceeded.  The  generalized  data 
-how  n on  Fig.  I LI -8  indicate  that  D.O.  levels  for  TSDH  Station  25  have  been  as  low  as 
about  0.5  mg/1  and  ROD  levels  have  reached  about  7.5  mg/1.  At  upstream  Station 
TSDH  \ o.  If),  minimum.  D.O.  levels  are  about  the  same,  but  maximum  ROD  levels 
have  reached  20  mg  I These  data  for  TSDH  Station  16.  which  is  upstream  from  Garza- 
I it t le  Kim  Reservoir,  ind irate  that  organic  pol lut ion  is  entering  the  lake. 

\t  Dallas  Sampling  Station  2.  orthophosphate  levels  are  reported  to  be  about  0.6  mg  1 
which,  though  lower  than  values  shown  for  the  main  stem  of  the  Trinitv  River,  are  -till 
quite  high  and  conducive  to  eutrophication  problems. 

Fast  Fork  Trinity  River  II  ater  Quality  /one  No.  0803.  The  F.ast  Fork  of  the  Trinitv 
Riv er  enter-  the  main  -tern  about  eight  miles  upst ream  from  Rosser  (mile  point  160.0) 
and  drains  a verv  rapidlv  growing  portion  of  the  Dallas  metropolitan  area.  Water 
quality  requirements  in  this  reach  call  for  a minimum  dissolved  oxvgcn  concentration 
of  1.0  mg  I and  a maximum  ROD  concentration  of  10.0  mg  1.  \t  TSDH  Sampling 
Station  No.  15.  the  data  indicated  on  l ig.  111-8  show  that  ROD  levels  fall  within  State 
requirements  and  that  only  a -mall  number  of  analyses  have  indicated  levels  of 
di-'olved  oxygen  below  1.0  mg  1.  Downstream,  however,  at  TSDH  Station  No.  14.  a 
large  number  of  samples  indicated  D.<  1.  levels  below  4.0  mg  I w ith  an  extreme  value  of 
approximately  0.2  mg  I recorded.  ROD  levels  hav e gone  above  20  mg  I.  Data  indicated 
in  lable  lll-l  show  consistently  high  l).( ).  levels,  well  above  the  4.0  mg  1 minimum, 
but  ROD  levels  are  recorded  at  about  20  mg  I or  about  double  maximum  allowable 
concentration.  I hi-  condition  mav  be  attributed  to  the  effect  of  photosvnt hot ic 
activity  and  to  treatment  plant  effluents  in  the  watershed.  ( '.unrent  rat  ions  of  nitrate 
and  phosphate  in  the  F.ast  Fork  near  Station  No.  14  are  extremelv  high  and  contribute 
greatly  to  the  potential  problems  of  eutrophication  both  in  the  lower  reaches  of  the 
F.ast  Fork  and  in  the  main  stem  of  the  Trinitv  River. 

With  the  completion  of  Lake  Ray  Hubbard  characteristics  in  the  l/a-t  Fork  are 
expected  to  approach  those  of  the  W est  Fork.  This  condition  is  expected  because  most 
of  the  How  during  summer  months  will  be  effluent  from  sewage  treatment  plants  in 
t lie  area  such  a-  the  Row  let  t Greek  and  Duck  ( ’reek  Treatment  Plants. 

Bacteriological  Quality.  The  Texas  Water  Quality  Hoard  is  maintaining  a 
bacteriological  surveillance  of  all  major  l ivers  in  Texas  including  tile  Trinitv  River 
which  was  formerly  carried  out  by  the  Texas  State  Department  of  Health.  Stations 
sampled  by  the  TSDH  within  the  study  area  include  TSDH  Station  No.  10  near  Rosser 
(river  mile  151.6)  and  at  TSDH  Station  No.  0 at  Trinidad  (river  mile  802.0).  \nalvsis  of 
the  samples  collected  at  t hese  stations  between  1 067  and  1060  are  shown  in  Table  111-2. 

It  is  ev  ident  from  in -pec ting  the  data  presented  in  Table  II 1-2  that  the  count  of  tno-t 
probable  numbers  (MPN)  of  both  total  and  fecal  coliform  varies  over  a very  wide 
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range.  \t  each  sampling  station,  the  count  of  total  coliform  organisms  exceeded  20.000 
per  100  ml  for  sect'll  of  the  nine  determinations  made  at  each  station.  As  stated  in  the 
water  ipialitc  requirements  presented  in  Appendix  A.  raw  water  surface  supplies  to 
receive  treatment  for  drinking  purposes  shall  not  he  deemed  unsatisfactory  where 
total  coliform  organisms  do  not  exceed  20.000  per  100  ml  and  the  fecal  coliform 
organisms  do  not  exceed  2.000  per  100  ml.  Such  concentrations  are  not  considered  to 
be  the  sole  criteria  on  which  the  qualitc  of  waters  is  based,  hut  available  analyses  do 
indicate  that  there  is  evidence  of  substantial  fecal  pollution  in  the  Trinity  River  and 
that  the  1 pper  Trinitc  Ricer  does  not  meet  minimum  requirements  for  raw  water 
supplies. 

Even  some  public  water  supple  reservoirs  are  not  free  of  excessive  bacterial 
contamination.  It  is  reported  that  Bachman  Lake  has  coliform  counts  as  high  as  23.000 
per  100  ml.  Be  contrast  Lake  Tawakoni  has  a reported  cere  low  count  of  3.8  per  100  ml. 
It  should  he  noted  that  no  standards  have  yet  been  set  for  pathogenic  viruses  which 
exhibit  greater  resistance  to  disinfection  than  bacteria. 

Mane  lakes  and  reservoirs  in  the  study  area  are  used  for  both  water  supply  and 
recreation.  The  l .S.  Public  Health  Service  has  established  as  a guideline  a count 
(MPN)of  total  coliform  bacteria  at  1.000  per  100  ml  for  swimming  and  wading.  Texas 
has  not  established  limiting  counts  for  such  purposes,  hut  warnings  have  been  issued 
that  swimming  or  wading  the  such  streams  and  lakes  as  Bachman’s  Creek.  W bite  Rock 
(.reek.  Turtle  (.reek.  Lake  Cliff,  White  Rock  Lake  and  Bachman  Lake  is  dangerous. 
Bacteria  and  viruses  present  in  polluted  surface  waters  can  cause  a number  of  gastro- 
intest inal  d isorders. 

Water  Quality  Monitoring  Plan.  A water  quality  monitoring  plan  for  the  Cpper 
Trinitc  River  Basin  lias  been  prepared  for  the  \CTCOG  by  the  IRA  and  their 
consultants.  Forrest  and  Cotton.  Inc.  A review  of  the  discussion  draft  of  this  plan  has 
been  conducted  by  the  General  Consultants  and  brief  comments  on  recommendations 
made  therein  are  listed  below: 

1.  Fhe  selection  of  sampling  station  locations  appears  ample  to  yield 
meaningful  data  on  the  ricer. 

2.  The  use  of  permanent  monitoring  stations  on  the  Trinity  River  to 
indicate  Ion-term  trends  in  water  qualitc  is  needed.  It  mac  be  found 
desirable  to  increase  the  number  of  permanent  monitoring  stations  to 
provide  more  simultaneous  data.  Additional  permanent  stations  might 
be  located  upstream  from  the  Fort  W orth  \ illage  Creek  Plant  and  near 
T rinidad. 

3.  The  use  of  mobile  monitoring  units  to  supplement  data  obtained 
from  th<'  permanent  stations  appears  appropriate,  and  substitution  of 
one  or  more  such  units  by  permanent  stations  as  discussed  above  might 
be  desirable. 

1 Considerable  emphasis  should  he  given  to  nitrogen  determination, 
with  all  four  standard  nitrogen  analyses  made  at  a number  of  locations 
including  the  permanent  stations. 
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5.  Consideration  should  be  given  to  phosphorus  determinations  at  all 
stations,  with  not  only  total  but  soluble  phosphorus  determined. 

6.  Pesticides  and  herbicides  shoidd  be  monitored  at  several  additional 
locations  particularly  above  major  reservoirs  if  conditions  indicate. 

Heavy  metals  should  be  monitored. 

7.  Both  total  and  fecal  coliform  analyses  should  be  made  and  they 
should  probably  he  made  at  each  permanent  and  mobile  station  and 
on  each  grab  sample. 

8.  The  functioning  of  the  proposed  monitoring  system  and  equipment 
requirements  appear  to  he  thoroughly  considered. 

PESTICIDE  LEVELS 

During  the  water  year  1968. (October,  1967  to  September,  1968),  the  Texas  Water 
Development  Board  initiated  a reconnaissance-level  program  with  the  U.S.  Geological 
Survey  to  collect  data  on  the  concentrations  of  various  pesticides  and  herbicides  in 
major  streams  throughout  Texas.  This  program  includes  the  collection  of  between  6 
and  12  samples  per  vear  at  a number  of  sampling  stations.  W ithin  the  study  area, 
samples  have  been  taken  at  seven  locations. 

Analysis  performed  on  samples  taken  near  Rosser  (mile  point  451.6)  indicated  that  less 
than  half  of  the  listed  insecticides  and  herbicides  yielded  any  measurable 
concentration.  Measurable  concentrations  of  DDT;  Lindane;  Chlordane  Dieldrin:  2.4- 
D and  2.  4.  5-T  were  recorded,  but  all  of  these  were  well  within  concentrations 
permissible  in  public  water  supplies  as  listed  in  "Water  (Quality  Criteria-Reporl  of  the 
National  Technical  Advisory  Committee  to  the  Secretary  of  the  Interior"  in  1968. 
Thus,  it  appears  that  pesticides  in  the  Trinity  River  do  not  pose  a public  health  hazard 
at  present. 

CONCLUSIONS 

The  Trinity  River  is  grosslv  polluted  from  wastes  discharged  i r i tin-  vicinity  ot  the 
Dallas-Fort  Worth  metropolitan  area  a~  indicated  by  both  chemical  and 
bacteriological  analysis.  For  most  of  it-  length  within  the  study  area  the  I rinitv  River 
and  its  principal  tributaries  do  not  meet  established  State  stream  water  quality 
requirements.  In  addition,  concentrations  of  nutrients  such  a~  nitrates  and 
phosphates  which  are  conducive  to  eutrophication  problem'  a - <1  • - ~cd  hereinafter, 
exceed  levels  which  have  been  found  to  create  objectionable  conditions  Rased  on 
these  water  quality  conditions,  most  of  the  main  stem  of  the  Trinity  River  as  well  a- 
portions  of  the  Elm  Fork  and  Faist  Fork  are  ronsi  lered  to  he  unsuitable  for  -u<  h ii'e- 
as  contact  and  non-contact  recreation,  domesth  taw  water  supply,  industrial  'tipplv 
and  cooling  water  (without  pretreatment),  aesthetic'  and  fishing.  In  addition,  a 
number  of  lakes  and  smaller  tributary  streams  do  not  meet  water  quality 
requirements. 
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EXISTING  MAJOR  CAUSES  OF  POLLUTION 

Water  pollution  in  the  North  Central  Texas  region  is  caused  primarily  by  discharges  of 
municipal  sewage  and  industrial  wastewater  and  by  surface  runoff  from  urban  and 
rural  areas.  Most  industrial  wastewater  in  the  studs  area  finds  its  was  into  municipal 
sewerage  systems  for  subsequent  treatment  along  with  city  sewage.  The  less  significant 
wastewater-producing  industries  which  do  not  discharge  to  sewerage  systems  are 
discussed  below. 

Surface  runoff  constitutes  a source  of  unknown  hut  great  pollution  occurring  during 
wet  weather  periods.  Bs  its  vers  nature,  it  occurs  throughout  the  studs  area  and 
el  sew  here  rendering  it  most  difficult  to  control. 

The  largest  concentrated  sources  of  pollution  are  the  discharges  from  municipal 
sewerage  ssstenis.  Because  they  are  concentrated  at  specific  and  readily  identifiable 
locations,  thev  can  most  readils  he  subjected  to  treatment  processes. 

1 

\dditional  causes  of  pollution  include  discharges  from  private  sewerage  systems  such 
as  at  mobile  home  parks,  leaching  from  sanitary  landfills  and  dumps,  and  improperly 
operating  septic  tank  systems. 

MUNICIPAL  SEWAGE 

Municipal  sewage  is  presently  collected  and  treated  at  132  locations  in  the  study  area 
as  discussed  in  Chapter  I\  . These  systems  serve  over  80  percent  of  the  population  and 
provide  sewage  treatment  with  varying  effectiveness.  Total  estimated  municipal 
sewage  flow  in  the  study  area  at  present  averages  about  246  mgd  as  shown  in  Chapter  \ 
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I he  effect  <>l  the  Dallas  and  Fort  Worth  sewage  treatment  plants  on  tlx-  water  quality 
ol  the  I rinity  Hi\er  was  discussed  earlier  in  this  Chapter.  In-depth  monitoring  studies 
wonld  no  douht  show  similar  effects  from  other  plants  as  well.  Effluents  or  discharge 
Irom  all  conventional  sewage  treatment  plants  contain  concentrations  of  HOD. 
ammonia,  nitrates,  phosphates,  bacteria.  \ iruses  and  other  substances,  l or  a river  such 
as  the  Primly  to  maintain  dissolved  oxygen  levels  of  f.O  mg  1 throughout  the  vear. 
cllective  removal  of  BOD.  ammonia  and  other  oxygen  consuming  substances  mav  be 
rcipiircd.  The  conventional  5-day,  20°C  H(  > D measurement  commonlv  used  to  evaluate 
oxv gen  requirements  of  a wastewater  is  no  longer  considered  adequate  when  used 
alone.  I’he  total  oxygen  demand  should  be  determined  to  permit  proper  treatment 
requirements  to  be  determined.  A full  discussion  of  sewage  characteristics  is  given  in 
( chapter  \ . 

Kffluents  Irom  every  plant  in  the  study  area  go  to  a ncarbv  watercourse  and. 
depending  upon  the  degree  of  treatment  actually  provided,  mav  have  a detrimental 
effect  upon  it.  \t  the  present  time  most  of  these  treatment  plants  are  designed  to 
provide  secondary  (biological)  treatment  as  required  In  the  TUQB.  Further 
treatment  will  probably  be  necessarv  in  many  cases  to  achieve  water  quality  goals. 

Kach  major  treatment  plant  is  described  in  Chapter  1\.  and  a discussion  of  the 
adequacy  of  each  plant  is  presented  in  Chapter  \ III. 

INDUSTRIAL  W ASTKWATER 

Industrial  wastewaters  considered  herein  are  those  which  are  discharged  by  industries 
direetlv  into  watercourses;  that  is.  wastewaters  which  do  not  go  into  municipal 
sewerage  systems.  Industrial  wastewaters  discharging  into  municipal  systems  are 
considered  to  be  included  in  the  municipal  sewage. 

Information  on  industrial  permits  in  the  study  area  was  obtained  from  the*  Texas 
Water  Oualitv  Hoard  (TW  OB). Fists  of  known  or  suspected  sources  of  industrial 
wastewater  were  obtained  from  NCTCOG  files,  from  County  Health  Departments, 
Citv  officials,  and  from  data  previously  obtained  by  the  \ssociate  Consultants. 

From  such  information  selection  was  made  of  those  sources  of  wastewater  considered 
significant  and  requiring  further  investigation.  \ n introductory  letter  was  sent  to  each 
of  these  firms  bv  the  NCTCOG  explaining  the  general  purpose  of  the  study  and 
introducing  the  consultant.  Additional  information  permitted  the  deletion  of  some 
wastewater  sources  from  further  consideration  lor  reasons  such  as  going  out  of 
business,  or  changing  waste  disposal  practices,  bor  the  remaining  industries, 
interviews  were  held  and.  with  a few  exceptions,  waste  treatment  or  disposal  facilities 
were  inspected. 

Existing  industrial  wastewater  contributors  discharging  directly  to  watercourses  and 
not  considered  significant  include  Hell  Helicopter  (Hurst  Plant).  Stauffer  Chemical 
Companv.  Miller  Brewing  Company  , and  Royal  Tile  Manufacturing  Company  . 

Individual  descriptions  of  the  seven  industrial  wastewater  contributors  in  the  North 
Central  Texas  region  which  are  considered  significant  are  presented  below.  Locations 
of  these  industries  are  shown  on  Figs.  15-1  and  I \ >2  and  schematically  on  big.  III-2. 
(,)ue-tionnaires  containing  data  obtained  from  interviews  and  other  sources  are 
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included  in  Nppendix  C.  for  all  those  plants  with  the  exception  of  the  Nought 
Neronautics  plant. 

American  Cxanamid  Company.  This  plant  manulaelures  inorganic  chemicals  on  the 
near  north  side  of  Fort  Worth.  Nil  average  wastewater  flow  of  about  I mgd  i' 
discharged  directly  into  the  West  Fork  Trinity  Ki\er  through  a 2t-in  outfall  line.  Nil 
additional  portion  of  wastewater  is  evaporated  and  the  chemical  content  recoiered 
through  crystallization.  It  is  reported  that  this  process  reduces  the  total  solids  in  the 
effluent  In  about  95  percent.  No  organic  wastes  are  included  in  tin-  wastewater  flow. 
The  effluent  has  a total  solids  content  of  about  2,000  ppm  and  a sulphate  content  of 
about  1,300  ppm.  These  values  are  well  within  the  limits  set  by  I W yii  statutory 
permit. 

American  Manufacturing  Company  of  Texas.  This  plant  in  the  northeast  industrial 
section  of  fort  Worth  discharges  an  estimated  average  wastewater  flow  of  about 
216.000  gpd.  which  flows  through  a combination  of  open  ditches  and  closed  drainage 
lines  into  W est  Fork  Trinity  River. 

The  waste  is  principally  from  the  manufacture  of  ordinance  materials  such  as  bombs 
and  rockets,  (,'omponents  of  the  waste  include  light  cutting  oils  which  float  on  water 
and  heav  \ grease  w hicli  is  hea\  ier  t hail  w ater. 

The  wastewater  is  passed  through  an  earthen  settling  pond  and  discharge  is  beneath  a 
metal  skimming  weir.  Lime  is  added  to  a portion  ol  the  waste  before  it  reaches  Un- 
settling pond.  Test  results  obtained  from  the  Texas  State  Department  of  Health  show 
consistent!!  high  concentrations  of  suspended  solids  and  high  content  of  oily  matter. 
B<  )l)  \alues  of  135  ppm  and  154  ppm  were  obtained  in  two  tests.  For  an  average  flow  of 
2 16.000  gpd.  the  ROD  load  at  140  ppm  would  amount  to  about  250  lbs  per  day . 

I bis  industry  has  no  known  waste  discharge  permit  from  I W OB. 

The  practice  has  been  to  periodically  clean  out  sediments  from  the  settling  pond  with 
clamshell  bucket  or  dragline,  hut  this  stirs  up  sediment  and  results  in  temporarily 
making  conditions  worse.  The  company  plans  to  improve  this  condition  in  the  future 
In  use  of  a steel  holding  tank  so  that  the  pond  can  he  taken  out  of  ser\  ice  for  ( leaning. 
\ steel  tank  for  this  purpose  was  reported  to  he  on  order.  N product  with  the  trade 
name  "Treat-o-Light " has  been  used  to  separate  soluble  oil  hut  has  resulted  in 
break  i ng  dow  n the  hca\  \ grease  and  releasing  talc  t herefrom.  I lie  talc  is  considered  to 
he  the  main  factor  in  the  high  suspended  solids  content  of  the  wastewater.  I he  use  ol 
“Treat-o-Light"  has  been  d iscont  in  tied  recent  ly . 

The  compatn  is  interested  in  finding  a feasible  pretreatment  method  of  reducing 
suspended  solids  and  believes  that  if  this  can  he  done  the  wastewater  can  then  he 
discharged  into  the  City  sanitary  sewer  system.  It  would  appear  that  the  oil  content 
must  also  he  reduced  before  this  solution  would  he  acceptable  in  the  sewerage  system. 

Tort  IT  Orth  Refining  Company  (Premier).  Ibis  oil  refinery  is  located  in  the  northeast 
industrial  section  of  Fort  \\  orth.  NX  astewater  from  yarious  plant  operations  as  yyell  as 
surface  drainage  from  the  plant  area  discharge  through  an  outfall  line  directly  into  the 
West  Fork  Trinity  River.  Nverage  waste  flow  is  about  206,000  gpd.  The  wastewater  i' 
considered  inorganic  in  nature.  Limited  test  results  indicate  conditions  ranging  from 
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those  barely  meeting  TW  QB  waste  discharge  permit  limitations  to  those  somewhat  in 
excess  of  permit  limitations. 

\ipak.  Inc.  This  plant  i>  located  in  Navarro  (.omits,  outside  the  study  area,  and  holds 
a TW  OB  permit  to  discharge  waste  into  the  Trinity  River.  Nipak.  Inc.,  has  been 
included  in  this  discussion  because  of  its  location  a short  distance  upstream  of  the 
proposed  Tennessee  (.'oloriy  Reservoir,  and  because  ol  the  high  nutrient  content  of  its 
wastewater.  This  plant  produces  a commercial  agricultural  fertilizer.  The  average 
wastewater  flow  is  about  630.000  gpd  and  results  from  the  follow  ing  processes: 

( 1 ) Cooling  tower  blow-dow  n 

(2)  Backwash  from  sand  filters 

(if)  Boiler  hinw-dow  n 

( f)  Wash-down  w a ter  from  bagging  sect  ions,  and  process  condensate. 

The  qualitv  of  the  wastewater  discharge  fails  to  comply  with  the  I W OB  permit 
limitations  in  several  respects.  The  permit  allows  free  ammonia  up  to  2.0  ppm  . 
whereas  test  results  have  shown  the  free  ammonia  content  in  the  waste  to  he  about  203 
ppm.  The  permit  allows  ft  ppm  for  all  nitrogen,  and  test  results  on  the  wastewater 
have  show n about  32  I ppm.  I'he  average  rate  of  flow  for  waste  discharge  permitted  hv 
the  I W OB  is  332.000  gpd.  whereas  the  actual  rate  of  waste  discharge  averages  about 
630.000  gpd.  Recent  BOD  analyst's  showed  a concentration  of  30  ppm  which  exceeds 
the  permit  (20  ppm ).  Suspended  solids  concent  rat  ions  are  v cry  low . 

Procter  and  Gamble , Inc.  This  plant  is  located  south  of  the  downtown  business 
section  of  Dallas  adjacent  to  the  I'rinitv  River.  \n  average  ol  about  I fa. 000  gpil  of 
wastewater  is  discharged  from  two  sources  (called  the  North  and  South  systems)  into 
open  channels  leading  into  the  river.  The  South  system  consists  ol  wastes  from  the 
processing  of  food  products  and  edible  oil  refining.  I he  North  system  carries  wastes 
from  soapmaking  and  household  laundry  product  formulation.  Based  on  the  average 
allowable  flow,  under  the  terms  of  the  TW  OB  waste  permit,  the  South  svstem  would 
contribute  about  68  percent  of  the  total  wastewater  flow  and  the  North  svstem  about 
32  percent.  No  recent  test  data  on  discharged  wastewater  were  available.  \ visual 
inspection  was  made  of  each  discharge  point.  If  we  assume  that  the  BOD  of  the 
wastewater  corresponds  to  TW  OB  permit  restrictions  (940  ppm  North;  1.888  ppm 
South)  and  discharge  quantities  are  proportional  to  allowable  discharge  rates,  then 
the  wastewater  would  on  an  average  day  contain  about  1 .920  lb  of  B<  )D-  Similarly  the 
suspended  solids  would  average  about  1.000  lb  per  day . 

C.ompanv  officials  have  indicated  they  expect  the  wastewater  discharge  permit  to  be 
amended  with  more  stringent  requirements  in  the  near  future.  Planning  is  currently 
under  wav  to  eliminate  the  discharge  of  untreated  wastewaters. 

Texas  A Pacific  Missouri  Pacific  Hailroad  (.ompnny.  Wastewaters  principally  from 
engine  washing  and  some  washing  from  diesel  shops  are  held  in  an  earthern  basin  to 
allow  oil  and  grease  to  rise  to  the  top.  Pump  suction  from  beneath  floating  oil 
discharges  into  the  (dear  Fork  of  the  Trinity  River  near  West  Vickery  Boulevard. 
\verage  wastewater  flow  is  about  288.000  gpd. 
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Limited  test  results  (not  recent)  are  quite  variable,  with  tests  showing  HOI)  values  of 
306  ppm  and  ft)  ppm.  Suspended  solids  were  above  values  allowed  by  the  waste 
discharge  permit.  The  company's  representative  believes  present  quality  has  improved 
due  to  changes  in  engine-washing  procedure  within  the  past  two  y ears.  V 1 1 acid ic  spray 
used  to  cut  oil  and  grease  is  followed  hv  an  alkaline  detergent  wash.  No  recent  lah 
results  are  available.  \ separation  unit  is  planned  and  is  included  in  the  company's 
1071  budget.  It  is  the  company's  belief  that  the  waste  will  be  acceptable  for  discharge 
to  the  ( lit v sanitarv  sewer  sv  stem  if  objectionable  oil  and  grease  can  be  removed. 

V ought  Aeronautics  Division,  LTl  Aerospace  Corporation.  This  plant,  located  in 
Grand  Prairie,  discharges  an  estimated  1.5  mgd  of  wastewater  into  Mountain  Creek. 
About  2.3  percent  of  the  flow  is  domestic  sewage,  the  remainder  being  industrial 
wastewater.  Measurement  of  the  combined  effluent  in  1969  indicated  1 1 mg/I  BOI).  70 
mg  I COD,  and  26  mg/1  total  suspended  solids.  The  TVi  QB  permit  calls  for  an  average 
flow  of  I mgd  with  BOD  and  SS  not  to  exceed  averages  of  25  mg/1  each.  Vi  hile  TU  QB 
limitations  on  flow  and  SS  concentration  are  somewhat  exceeded,  and  COD 
concentration  meets  requirements,  and  expansion  of  treatment  facilities  for  the 
industrial  wastewater  is  currently  underway  . 

Summary.  Questionnaires  are  included  in  Appendix  C for  six  of  the  industries 
discussed  above.  Viastewater  from  the  seven  industries  represents  a total  average  flow 
of  about  4.0  mgd.  Most  of  the  wastes  are  inorganic.  However,  total  organic  pollution  is 
estimated  at  about  2.950  lbs  per  day  of  BOD  based  on  average  conditions.  The  seven 
industries  are  listed  in  Table  1 1 1-3  along  with  their  wastewater  characteristics. 

All  industries  in  the  study  area  should  abate  pollution  immediately.  In  incorporated 
areas  enforcement  is  the  responsibility  of  city  governments.  In  unincorporated  area 
enforcement  is  the  responsibility  of  the  counties.  Local  governments  should  take  the 
initiative  in  pollution  abatement. 

It  is  recommended  that  all  industries  listed,  with  the  exception  of  Nipak.  Inc.  pretreat 
their  wastewaters  as  necessary  such  that  they  may  be  discharged  to  municipal  or 
regional  sewerage  systems  in  accordance  with  appropriate  sewer  ordinances.  It  is 
recommended  that  Nipak  Inc.,  treat  its  wastewaters  or  recover  nutrients  to  eliminate  a 
major  source  of  nutrients  which  may  cause  eutrophication  problems  in  the  proposed 
Tennessee  Colony  Reservoir  downstream  from  this  plant.  All  industrial  wastewater 
discharges  must  meet  the  requirements  of  the  Texas  Water  Quality  Board. 

The  expected  wastewaters  from  future  industries  should  he  carefullv  considered  as  to 
composition  and  effect  on  the  operation  of  existing  sewerage  facilities  before 
permitting  the  industry  to  locate.  I’retreat merit  at  the  industry  may  be  necessary.  The 
adoption  of  sewer  ordinances  would  assist  new  industry  and  public  officials  in  this 
regard. 

SI  RFACK  RI’NOFF 

Major  sources  of  water  pollution  are  municipal  and  industrial  wastes,  hut  these  are 
not  the  only  significant  sources.  \s  these  concentrated  sources  of  pollution  are 
brought  under  control  through  construction  of  wastewater  collection  and  treatment 
facilities,  the  remaining  more  diffuse  and  difficult  to  control  sources  may  determine 
the  water  quality  and  the  types  of  water  use  that  can  rcasonablv  be  maintained.  These 
diffuse  sources  mav  he  considered  mainly  as  surface  runoff  reaching  watercourses, 
which  picks  up  polluting  substances  during  its  overland  travel. 


(1)  Based  on  industrial  waste  questionnaires  - Appendix  C. 

(2)  Discharge  permit  restricts  ammonia  to  400  ppm  maximum. 

(3)  Total  solids  run  about  2,000  ppm. 

(4)  Considerable  nitrogen  in  wastewater. 

(5)  Locations  of  industries  shown  on  Figs.  IT  1-2,  IV-1,  and  IV 


Surface  runoff  from  liotli  urban  and  rural  areas  can  contribute  significant  amounts  of 
organic  and  inorganic  chemical  pollutants  as  well  as  bacteria  and  viruses  which  max 
limit  the  usefulness  of  streams.  Large  livestock  feeding  operations  max  al-o  contribute 
to  pollution  resulting  from  runoff.  Nutrient  contribution  from  various  sources  are 
discussed  under  Kutrophication  in  this  Chapter.  Based  on  analyses  made  by  the  I exas 
W ater  Development  Hoard,  an  estimated  average  phosphate  load  of  about  4(1.0(10  lb 
per  dax  was  carried  in  the  Trinity  Hixer  at  Trinidad  in  196H. 

Land  use  practices  max  also  affect  the  ipialitx  of  the  groundwater  which  reaches 
watercourses.  The  geologx  and  climate  of  an  area  determines  to  a considerable  extent 
the  water  quality  that  is  attainable  even  xxith  maximum  control  of  xxaste  discharges. 

I he  IW  OA  i>  presen  tlx  conducting  research  at  Tulsa.  Oklahoma  to  develop  the 
functional  relationship  between  various  land  uses  and  analytical  pollution 
measurements. 

( rhan  Runoff.  Dust  and  dirt  from  streets,  material  eroded  from  land  and  pavement, 
fecal  material  from  domestic  and  other  animals,  and  oil)  residues  from  vehicles 
contribute  to  the  impairment  of  qualitx  of  runoff  from  urban  areas.  No  studies  have 
been  made  of  the  the  qualitx  of  urban  runoff  in  the  Nort h ( Central  Texas  Region,  hut  a 
number  of  investigators  have  studied  the  qualitx  of  urban  runoff  in  Texas  and 
elsewhere.  The  most  extensive  data  comes  from  the  studies  of  Weihel  and  his 
colleagues  who  gaged  and  sampled  runoff  from  a 27-acre  residential  and  light 
commercial  area  in  Cincinnati.  Ohio  from  1962  to  1964.  Table  1 1 1- 1 summarizes  the 
concentrations  of  various  materials  found  in  these  samples.  Tables  III -3  summarizes 
their  data  on  the  bacteriological  quality  of  the  runoff  from  this  area,  and  Table  1 1 1-6 
compares  the  pollution  load  from  the  urban  runoff  with  that  from  sanitary  sewage. 

The  estimates  presented  in  Table  111-6  are  based  upon  estimated  population  density, 
sewage  flow  and  strength  and  rainfall  data  for  Cincinnati.  Mthough  hydrologic 
conditions  in  the  Cincinnati  and  North  Central  I exas  regions  are  not  the  same,  it 
seems  likelx  that  the  qualitx  of  urban  runoff  in  the  two  regions  would  he  similar. 
Total  annual  rainfall  is  similar  in  the  two  regions,  both  areas  contain  much  clayey  soil, 
and  the  streams  in  each  area  are  highly  turbid  during  storm  runoff.  The  estimated 
annual  ROD  of  storm  runoff  is  comparable  to  that  of  the  effluent  from  an  efficient 
secondarx  wastewater  treatment  plant  achieving  better  than  90  percent  removal. 
Hacteriologically  the  stormwater  runoff  is  too  contaminated  to  meet  generally 
accepted  standards  for  recreational  use.  Nitrogen  and  phosphate  concentrations  are 
high  enough  to  support  a substantial  algae  population.  The  concentration  of  organic 
chlorine  suggests  that  pest ic ides  w ere  presen t . hut  speci I ic  anal y ses  for  pesticides  were 
not  made. 

\ limited  stndv  of  runoff  from  W aller  Creek  in  \ustin.  I exas  by  Dinges  and  Cope  in 
1 9(>6  showed  similar  poor  quality  ol  the  runoff  from  that  urban  area. 

from  these  studies  it  is  evident  that  surface  runoff  from  urban  areas  constitutes  a 
significant  source  of  pollution.  It-  significance  lies  in  the  fact  that  it  may  equal  the 
pollution  load  discharger!  ".o  a stream  from  a secondary  wastewater  treatment  plant. 


Rural  Runoff.  I util  xerx  recently  little  attention  had  been  directed  to  the 
contribution  of  rural  surface  runoff  to  water  quality  problems  except  for  the 
suspended  solids  resulting  from  soil  erosion.  In  the  last  few  years,  however,  the 


TABLE  I I 1-4. 


CONSTITUENT  CONCENTRATIONS  IN  URBAN 
STORM  WATER  RUNOFF (D 


r 


1 


Turbidity  (J.T.u.) 

Color  (C.u.) 
pH 

Alkalinity  (mg/1) 

Total  hardness  (as  CaCO^)  (mg/1) 
Chloride  (mg/1) 

SS  (mg/1) 

VSS  (mg/1) 

COD  (mg/1) 

BOD  (mg/1) 

N (mg/1) (2) 

Inorganic  N (mg/1) 

Hydrolyzable  PO^  (mg/1) 

Organic  chlorine  (mg/1) (3) 


Ranges  of  Storm  •< 


Discrete  Samples 

Average 

30-1,000 

176 

10-460 

87 

5. 3-8.7 

7.5 

10-210 

59 

19-364 

81 

3-428 

12 

5-1,200 

227 

1-290 

57 

20-610 

111 

1-173 

17 

0.3-7. 5 

3.1 

0. 1-3.4 

1.0 

0.02-7.3 

1.1 

0.38-4.72 

1.70 

(1)  From  27-acre  residential,  light-commercial  area,  Cincinnati,  Ohio, 
July,  1962,  through  July,  1964.  January  and  February,  1963,  not 
included . 

(2)  Arithmetic  sum  of  the  four  forms  of  nitrogen. 

(3)  Ffom  11  storms,  August,  1963,  to  February,  1964. 
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TABLE  III-5 . BACTERIAL  COUNTS  IN  URBAN  STORM  WATER  RUNOFF  SAMPLES  ^ 


Counts  Exceeded  in  Designated  Per  Cent 
of  Samples,  Per  100  ml 


Bacterial  Count 

90% 

50% 

10% 

Coliforms 

2,900 

58,000 

460,000 

Fecal  coliforms 

500 

10,900 

76,000 

Fecal  streptococci 

4,900 

20,500 

110,000 

Note : 

(1)  From  a 27-acre  residential,  light-commercial  area, 
Cincinnati,  Ohio,  1962  and  i963. 
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TABLE  I I 1-6. 


COMPARISON  OF  URBAN  STORM  WATER  RUNOFF  LOADS 
WITH  SANITARY  SEWAGE  LOAUS (D 


Sanitary  Sewage 

Production 

Urban  St^rro  Water 
as  Per  Cent  of 

Runoff  Loads 
Sewage  Load 

Constituent 

Ib/day/acre 

lb/yr/acre 

During  Runoff 

Annually 

SS 

1.5 

540 

2,400 

160 

COD 

2.6 

960 

520 

33 

BOD 

1.5 

540 

110 

7 

Total  hydrolyzable 
phosphate  (PO^) 

0.19 

68 

70 

5 

Total  nitrogen  (N) 

0.23 

82 

200 

14 

Note : 

(1)  At  Cincinnati,  Ohio. 
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importance  oi  fertilizers.  pesticides  and  animal  wastes  as  water  pollutants  has  become 
gene ra 1 1 y recognized . 


Water  pollution  problems  in  rural  areas  may  result  from  the  use  of  fertilizers  and 
pesticides  on  farms.  In  1964  the  reported  farm  acreage  within  the  10-county  North 
Central  Texas  Region  was  3.904.777  acres  (or  6,100  square  miles)  or  about  76  percent  of 
the  entire  area.  Thirteen  percent  of  the  area  (or  667,065  acres)  of  the  region  was 
fertilized  with  commercial  fertilizers.  Principal  crops  are  cotton,  wheat  and  grain 
sorghum.  Pesticides  are  known  to  enter  the  trinity  River  as  discussed  under  Kxisting 
W ater  (Quality . 

Studies  of  runoff  from  rural  areas  within  the  North  Central  Texas  area  have  not  been 
made  to  date,  hut  Weidner  and  his  colleagues  sampled  runoff  from  several 
experimental  watersheds  at  the  1 .S.  Department  of  Agriculture  Research  Station  at 
Coshocton.  Ohio.  They  were  able  to  study  the  effect  of  improved  land  management 
practices  on  the  quality  of  the  runoff  from  crop  land  in  a corn,  wheat,  meadow 
rotat  ion. 

Prevailing  practice  involved  straight  row  tillage  across  the  slope  and  a low  level  ol 
fertilizing  soil  was  limed  to  pH  5.4  and  fertilized  with  5-20-20  fertilizer  (150  lb  per  year 
per  acre  on  corn  and  100  lb  per  year  per  acre  on  wheat)  and  4 tons  per  year  per  acre  of 
manure.  Improved  practice  involved  contour  tillage  and  high-level  fertilizer  rates.  Soil 
was  limed  to  pH  6.8.  and  fertilized  with  5-20-20  fertilizer  (360  Ih  per  year  per  acre  on 
corn  and  180  Ih  per  year  per  acre  on  wheat).  Two  hundred  Ih  per  year  per  acre  of  0-20- 
20  fertilizers  were  applied  on  first-year  meadow  land.  The  improved  practice  reduced 
-oil  loss  to  25  percent  and  runoff  to  60  percent  of  that  under  prevailing  practice. 
Calculated  average  annual  quantities  of  various  constituents  in  the  runoff  from  these 
experimental  areas  are  shown  in  Table  111 -7.  I he  soil  loss  and  the  loss  of  other 
constituent'  was  negligible  from  the  land  in  meadow  or  well  covered  gras'  lands. 

Most  of  the  phosphate  is  associated  with  soil  particles  and  remains  with  the  soil  in 
reservoir  sediments.  The  nitrogen,  on  the  other  hand,  is  largely  in  soluble  forms. 
Vlthough  improved  land  use  practices  can  substantially  reduce  both  soil  loss  and  loss 
of  fertilizer  from  crop  lands,  the  concentration  of  phosphate  and  nitrogen  in  the 
runoff  remains  high  enough  to  accelerate  significantly  the  eutrophication  of 
reserv  oirs. 

/•orm  Animal  II  asli’s.  There  were  a reported  542.000  cattle  and  calves  on  farm'  in  the 
N(  T(  IOC  region  in  1 96 1 . The  organic  waste  produced  i-  est i mated  to  he  equivalent  to 
that  produced  bv  a population  of  over  live  million  people.  No  instances  ol  water 
pollution  from  these  sources  have  been  reported.  However,  the  trend  toward  confined 
feeding  of  cattle  and  swine  has  given  rise  to  a serious  problem  in  the-  handling  ol 
animal  wastes  from  these  operations  in  other  area'. 

The  nitrogen  pollution  hazard  created  bv  large  livestock  feeding  operations  has  been 
shown  to  emanate  from  three  sources: 

1.  Nitrogen  in  surface  runoff. 

2.  Nitrate  in  deep  percolation  from  cattle  feed  lots. 

3.  Nitrogen  los'  bv  volatilization  of  nitrogenous  gases  into  the  atmosphere. 
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ammonia  volatilized  from  cal  tie  feed  lots  contributes  significant!)  to  the  nitrogen 
enrichment  of  surface  waters  in  the  vicinity  of  feed  lots.  The  significance  of  farm 
animal  wastes  in  relation  to  other  wastewater  sources  is  shown  in  Table  111-8  presented 
in  the  discussion  of  eutrophication. 

The  Texas  Water  Quality  Hoard  lias  adopted  regulations  aimed  at  controlling  waste 
discharges  from  commercial  feed  lot  operations.  Enforcement  of  these  regulations 
.hould  prevent  most  of  the  oxygen-demanding  feed  lot  material  from  reaching 
watercourses.  There  will  undoubtedly  continue  to  he  some  contribution  ot  nitrogen 
from  them,  however. 

( mu  lusinn.  Large  reductions  in  the  quantities  of  nutrients  discharged  to 
watercourses  from  urban  and  rural  runoff  and  from  farm  animal  wastes  appear  to  he 
needed  if  significant  water  quality  improvement  is  to  he  achieved.  I rban  runoff  and 
farm  animal  wastes,  because  they  art'  relatively  localized  in  occurrence,  lend 
themselves  more  readily  to  some  form  of  control.  Rural  runoff,  on  the  other  hand,  is 
d if  fuse  in  nat  ure.  extending  over  most  of  the  study  area;  and  con  t rol  is  di  I f icul  t. 

The  information  now  available  on  nitrates  and  phosphates  in  the  Irinily  River 
indicated  significant  concentrations  do  exist  downstream  from  Dallas  and  Tort  Worth. 
\nv  significant  reduction  in  the  discharge  of  these  nutrients  from  rural  areas, 
particularly  those  in  agricultural  use.  would  have  to  be  accomplished  hy  changes  in 
fertilizing  practice.  Such  changes  would  include  bringing  fertilizer  application  and 
plant  (crop)  requirements  more  closely  into  balance.  Sound  soil  conservation  practice 
coupled  with  educational  programs  is  highly  desirable  in  this  regard,  (.lose 
coordination  between  the  \(  T( !(  ML  the  State  Soil  and  W at  or  ( lonsorv  at  ion  Hoard  and 
the  I ,S.  Soil  ( a uisorv  at  ion  Serv  ice  appears  vv  a r ran  ted. 

\nother  important  effect  of  surface  runoff  is  increased  turbidity  in  the  river  resulting 
primarily  from  erosion  ol  upstream  land  surfaces.  II  removals  hy  sewage  treatment 
plants  are  sufficient  to  make  substantial  reductions  in  nutrients  discharged  to  the 
river  and  downstream  reserv  oil's  (such  as  I onnessoc  ( .olony  Reserv  oir ).  out  ro  phi  cat  ion 
may  he  limited  bv  light  penetration  in  the  turbid  waters.  In  such  a case  turbidity  may 
be  said  to  have  a beneficial  effect  even  though,  at  the  same  time,  reservoir  storage 
capacity  is  reduced  hy  resiil t i ng  sed  i mental  ion. 
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EUTROPHICATION  OF  LAKES  AND  RESERVOIRS 


DISCISSION 

In  recent  years,  public  attention  has  been  called  to  the  problem  of  eutrophication  of 
natural  and  man-made  lakes  and  the  role  of  municipal  and  industrial  wastes  in  causing 
the  accelerated  aging  of  lakes.  Eutrophication  may  he  defined  as  an  increase  in  the 
nutrient  content  of  water  in  a lake,  which  is  indicated  by  a large  quantity  of  algae  and 
aquatic  vegetation.  Although  it  is  part  of  the  life  cycle  of  lakes  to  become  shallower, 
warmer,  and  more  productive  of  plant  liie  as  sediments  and  plant  nutrients 
accumulate,  the  activities  of  man  can  greatly  accelerate  the  process  and  have  done  so  in 
mam  lakes  in  Europe  and  the  Lnited  States.  As  this  occurs,  the  originally  clear  lake 
becomes  turbid  and  growth  of  algae  increases  to  the  detriment  of  the  quality  of  raw 
water  supplies.  Rooted  and  floating  aquatic  plants  may  present  problems  to  boaters. 
The  more  desirable  game  fish  are  replaced  by  plant  eating  and  scavenger  fish.  A lake 
that  was  once  attractive  and  aesthetieallv  pleasing  may  become  a nuisance.  Not  only 
lakes  hut  rivers  and  estuaries  ma\  suffer  from  fertilization  problems,  hut  lakes  tend  to 
suffer  most  because  thev  provide  the  best  opportunity  for  retention  of  nutrients,  such 
as  phosphates  and  nitrates. 

Within  the  study  area,  reservoirs,  lakes  and  rivers  downstream  from  population 
centers  and  large  industries  may  he  expected  to  experience  such  problems.  This 
condition  mav  become  particulary  serious  downstream  from  the  Dallas-bort  Worth 
metropolitan  area  when  the  locks  and  dams  on  the  Trinity  River  are  constructed  as 
part  of  the  canalization  project  discussed  under  I.ow  Flow  Augmentation  in  this 
Chapter. 

Of  the  mam  elements  or  nutrients  needed  for  plant  life  those  most  commonly  in  short 
supply  are  phosphorus  and  nitrogen.  1 hose  are  the  elements  most  prominent  in  the 
fertilizers  used  intentionallv  to  stimulate  crop  products  and  they  are  also  abundantly 
present  in  municipal  wastewater  even  after  so-called  “complete"  (conventional 
secondary)  treatment.  Industrial  wastes  may  contribute  significant  amounts  of  these 
nutrients.  Phosphorus  and  nitrogen  are  also  present,  hut  usually  in  much  lower 
concentrations,  in  the  runoff  from  urban  and  rural  areas.  The  relative  contribution  ol 
these  nutrients  from  various  sources  will  vary  depending  on  local  circumstances,  hut 
in  main  of  the  lakes  which  have  become  eutrophic.  mtinii  i >a!  and  industrial 
wastewaters  have  been  major  contributors  of  nitrogen  and  phosphorus  particularly 
phosphorus.  The  major  increase  in  the  use  of  nitrogen  fertilizers,  especially  ammonia 
in  crop  production  is  causing  increased  nitrate  concentrations  in  streams  draining 
cultivated  areas.  Most  of  this  nitrate  enters  from  agricultural  drains  or  with 
groundwater  w hich  prov  ides  the  base  flow  of  streams. 

Ilasler  has  indicated  that  low  nitrogen  levels  do  not  guarantee  freedom  from  excess 
algae  growth  because  of  the  capability  of  some  blue-green  algae  for  nitrogen  fixation 
when  nitrogen  is  present  in  water  in  low  concentrations.  However,  a recent  report  by 
the  l .S.  Agricultural  Research  Service  indicated  no  significant  stream  pollution  from 
nitrates  resulted  from  the  use  of  nitrogen  fertilizers  in  tile  upper  Rio  Grande  River. 
This  finding  is  important  inasmuch  as  crop  fertilization  has  increased  35-tolOO-fold 
over  a 30  vcar  period. 


Phosphorus  concentrations  however,  show  a fairly  consistent  relationship  to 
eutrophication.  Connel  has  conducted  an  extensive  sur\e\  relating  phosphorus 
concentration  and  algal  growth  for  Texas  streams  and  reservoirs.  His  sampling  stations 
include  locations  on  the  Trinity  River.  In  his  report,  he  notes  conditions  of  excessive 
algal  growth  on  this  river  helow  Dallas  and  Fort  Worth.  His  report  concludes  that  in 
Texas  rivers  a concentration  of  phosphate  between  0.3  mg  land  1.0  mg  I leads  to  algal 
problems  of  varying  frequency  and  seriousness.  Those  rivers  with  a concentration  of 
phosphate  in  excess  of  1.0  mg/I  were  observed  to  exhibit  the  objectionable 
characteristics  of  eutrophication  and  to  contain  excessive  amounts  of  plant  growth. 
Samples  of  I rinitv  River  waters  show  considerably  higher  concentrations. 

The  results  of  a nationwide  survev  conducted  by  an  AW  W \ Task  Group  have 
indicated  that  nitrogen  and  phosphorus  in  rural  runoff  appears  to  he  greater  than  that 
contributed  in  domestic  wastes.  Agricultural  runoff  is  the  greatest  single  contributor 
of  nitrogen  and  phosphorus  to  water  supplies. 

From  Table  1 1 1-8  it  appears  that  about  5 billion  lb  of  nitrogen  and  I billion  lb  of 
phosphorus  reach  our  nation’s  water  supplies  every  year.  If  these  quantities  were 
d i st  ri buted  throughout  the  450,000  billion  gallons  of  annual  stream  flow  in  the  l nit ed 
States,  the  average  concentration  would  he  1.35  mg  1 and  0.27  mg  I for  nitrogen  and 
phosphorus,  respectively . concentrations  that  are  an  order  of  magnitude  above  those 
that  have  frequentlv  been  cited  as  limiting  for  algal  growth  involved  with 
cut  rophicat  ion. 

The  data  in  Table  111-8  also  indicate  that  the  greatest  contribution  of  nitrogen  and 
pb  osphoriJs  to  water  is  directly  or  indirectly  a result  of  the  act  iv  it  ies  of  man.  Increased 
population  and  more  advanced  technologic  development  suggest  that  such 
contributions  will  be  even  greater  in  I he  future. 

In  efforts  to  control  or  retard  the  eutrophication  process,  attention  has  focused 
particularlv  on  reducing  phosphorus  contributions.  This  is  due  in  part  to  the  fact  that 
am  algae  can  supplv  their  need  for  nitrogen  by  fixing  atmospheric  nitrogen  and  that 
sources  such  as  rainfall  can  contribute  significantly  to  the  nitrogen  content  of  lakes. 
Processes  are  now  available  and  additional  ones  are  being  developed  for  removing 
phosphorus  from  municipal  wastewaters.  The  cost  of  such  processes,  though 
substantial,  is  not  bevond  the  reach  of  most  communities  where  there  is  a need  for 
reducing  nutrient  discharges.  \t  present  most  plants  do  not  attempt  to  remove 
phosphates,  and  in  the  study  area  practically  all  phosphates  are  considered  to  reach 
w atercourses. 

\-  discussed  under  surface  runoff  the  estimated  average  phosphate  load  in  the  Trinitv 
River  at  Trinidad  was  about  90,000  lb  per  day  (lor  an  average  concentration  of  l.f 
mg  I).  If  it  is  assumed  that  no  phosphates  are  removed  from  municipal  sewage  in  the 
Mudv  area  at  present,  the  total  daily  phosphate  contribution  from  this  source  would 
average  about  ft). 000  Ih  per  day  (for  a phosphate  concentration  of  20  mg  II.  Thus,  it  is 
evident  that  municipal  plant  effluents  in  the  North  Central  Texas  region  mat 
constitute  as  much  as  half  ol  the  phosphate  reaching  the  Trinity  River  system  (if 
phosphate  retention  in  lakes  is  disregarded).  Il  80  percent  of  the  municipal  phosphate 
load  were  removed  in  treatment  processes,  the  portion  reaching  the  River  would 
constitute  about  15  percent  of  the  total  load  in  t he  river. 


The  eutrophication  process  is  not  complete!)  understood,  and  it  is  not  possible  to 
predict  how  successful  a given  control  procedure  will  be  in  retarding  or  possibly 
reversing  the  process.  There  are  four  known  ways  to  minimize  lake  eutrophication: 
limiting  the  fertilitv  of  water,  utilizing  food  chains  to  utilize  nutrients  and  improve 
the  lakes,  stimulating  disease  and  parasites  to  kill  off  aquatic  plants,  and  using  toxic 
chemicals  to  kill  algae. 

Continuing  research  on  each  of  these  methods  is  needed  to  answer  many  unresolved 
questions.  However,  it  is  abundantly  clear  that  uncontrolled  discharges  of  nutrients  in 
municipal  and  industrial  wastes  have  been  the  most  prominent  factor  in  the 
accelerated  aging  of  a number  of  lakes  and  that  to  wait  until  the  problem  has  become 
acute  before  taking  action  may  be  false  economy.  Phosphate  removal  particularly 
should  he  considered  for  all  major  treatment  plants  in  the  study  area  at  the  earliest 
possible  date. 
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LOW  FLOW  AUGMENTATION 

It  is  generally  recognized  that  the  quality  of  water  in  the  Trinity  River  between  Fort 
W orth  and  Rosser  is  poor.  Oxygen  depletion  in  the  stream  caused  by  the  bio-chemical 
oxidation  of  organic  material  results  in  the  frequent  occurrence  of  septic  conditions 
and  offensive  odors.  This  condition  of  stream  pollution  is  produced  by  large 
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quantities  of  municipal  and  industrial  wastes  being  discharged  from  the  Dallas  and 
hurt  \\  orth  metropolitan  areas,  and  is  particular!)  critical  during  extended  periods  of 
time  each  year  when  natural  stream  flow  is  insufficient  to  proxide  proper  dilution  of 
the  wastes,  as  discussed  above  under  Existing  \\  ater  Oualitv . 

Three  recognized  methods  of  controlling  the  pollution  in  streams  are:  (1)  in-plant 
control  of  industrial  processes  and  waste  discharges.  (2|  treatment  of  wastes  discharged 
from  industries  and  municipalities,  and  < 3 ) stream  flow  regulation,  or  low  flow 
augmentation.  I he  first  two  methods  are  being  practiced  to  some  extent  in  the  studv 
area.  I he  third  method,  however,  is  practiced  only  to  a very  limited  extent  because  no 
appreciable  storage  has  been  allocated  to  this  purpose  in  existing  upstream  reservoirs. 

The  Federal  Water  Pollution  Control  Act.  Public  I.aw  84-660  as  amended,  provided 
that  consideration  he  given  to  the  inclusion  of  storage  space  for  regulation  of  stream 
flow  for  water  quality  control  in  any  reservoir  being  planned  bv  a Federal  agencv. 
However,  storage  space  in  all  the  existing  reservoirs  in  the  l pper  Trinitv  River  Basin 
has  been  allocated  hv  existing  permits  and  agreements  to  other  purposes,  such  as 
municipal  and  industrial  water  supply,  flood  control  and  navigation.  W ater-  allocated 
to  navigation  are  presently  being  used  on  an  interim  basis,  primarilv  for  municipal 
purposes,  until  such  time  as  the  waters  are  needed  for  navigation  of  the  Trinitv  River. 
Small  releases  of  navigation  water  from  Benbrook  Reservoir  have  been  made  at  times 
for  improvement  of  water  quality  on  the  Clear  Fork  of  the  Trinitv  . These  releases 
have  not  been  of  sufficient  magnitude  to  have  an  appreciable  effect  on  the  qualitv  of 
the  main  stem  of  the  Trinity . however. 

FLOOD  CONTROL  STORAGE 

\pproxi matelv  1,289,000  aere-ft  of  regulated  flood  control  storage  is  provided  in  five 
existing  major  reservoirs  in  the  studv  area  on  streams  tributary  to  the  Trinity  River. 
These  include  Benbrook  Reservoir  on  the  ( dear  Fork,  with  170.350  aere-ft  of  flood 
control  storage:  Grapevine  Reservoir  on  Denton  (.reek,  with  2.38. 2. >0  aere-ft:  Garza- 
Little  Kim  Reservoir  on  the  Elm  Fork,  with  525,200  aere-fl:  Lavon  Reservoir  on  the 
F.ast  Fork,  with  275.600  aere-ft;  and  Bardvvell  Reservoir  on  Waxahachie  Creek,  with 
79.600  aere-ft.  Planned  reservoirs  within  the  study  area  with  flood  control  storage 
include  I.akev  iew  Reservoir  on  Mountain  ( .reek,  with  II  9.800  acre -I  t a I located  to  1 lood 
control  storage:  Roanoke  Reservoir  on  Denton  (.reek  above  Grapevine  Reservoir,  with 
223.700  aere-ft;  and  \uhrev  Reservoir  on  the  Film  Fork  above  Garza-Little  ldm 
Reservoir,  with  257.300  aere-ft.  \t  the  time  of  construction  of  Roanoke  and  \uhrey 
Reservoirs  the  flood  control  storage  in  the  respective  downstream  reservoirs. 
Grapevine  and  Garza-Little  Film,  will  he  reallocated  to  provide  increased  conservation 
storage. 

F lood  control  storage  in  the  five  exist ing  reserv oil  s noted  above  is  owned  and  operated 
hv  the  Corps  of  Engineers.  Storm  runoff  from  the  watershed  above  these  reservoirs  i- 
stored  in  the  flood  control  pools  until  such  time  that  local  runolt  and  discharge  from 
other  reservoirs  have  subsided  sufficiently  to  permit  the  release  of  water  from  the 
flood  control  pools  without  undue  flooding  along  the  streams.  The  rate  of  release  is 
controlled  indirectlv  hv  the  flow  capacity  of  the  stream.  \ i ritical  location  in  the  study 
area  i-  near  Rosser,  where  hank-full  capacity  i-  about  9.000  cfs.  Channel  capacity  at 
Dallas  is  about  13.000  cfs.  The  time  required  to  evacuate  the  flood  control  pools  and 
make  room  for  subsequent  storm  waters  varies  from  a few  days  to  several  months, 
depending  on  the  amount  of  storm  runoff  involved. 
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During  the  periods  of  flood  flow  and  the  subsequent  periods  of  regulated  releases,  the 
concentration  of  organic  wastes  in  the  Trinity  is  lower  than  during  low  flow  periods  by 
virtue  of  the  large  volume  of  dilution  water  with  a relative!)  high  dissolved  oxygen 
content  as  indicated  on  Fig.  1 11-3.  There  are  detrimental  effects  on  water  qualit)  (aside 
from  it'  lieavv  silt  load)  however,  since  the  aecontpanv  ing  high  river  stages  have  an 
adverse  effect  on  the  operation  of  some  of  the  sewage  treatment  plants  along  the  river, 
partieularlv  those  constructed  in  low  areas.  Sewage  is  sometimes  discharged  with  no 
more  than  primarv  treatment,  or  with  no  treatment  at  all.  For  example,  at  the  Dallas 
sewage  treatment  plant  a stream  flow  of  about  5.000  id's  (river  stage  of  about  24  It.  as 
measured  at  the  Dallas  (rage  at  Commerce  Street)  causes  the  secondary  treatment  units 
to  he  ineffective,  and  sewage  is  discharged  after  receiving  only  primarv  treatment. 
\\  ith  a stream  flow  of  about  7.000  cfs  (river  stage  of  28  ft)  the  primarv  units  at  the 
\\  bite  Hock  Plant  are  ineffective  and  raw  sewage  is  discharged  to  the  river. 

\t  the  Fort  Worth  Aillage  ('reek  Plant,  primarv  treated  sewage  is  discharged  directlv 
to  the  river  at  river  stages  greater  than  8 ft  above  normal.  1 he  plant  is  shut  down  and 
raw  sewage  is  overflowed  to  the  river  when  the  stage  exceeds  32  It  above  the  normal 
level.  Similar  problems  have  been  experienced  at  other  plants  as  Arlington  and  fort 
W ort h Riverside. 

During  periods  of  regulated  Hood  re  lea  sc.  concent  rat  ions  of  BOD  and  d issolved  oxygen 
are  reported  to  he  within  acceptable  limits  because  of  detent  ion;  vet  it  i-  apparent  that 
in  absolute  terms  the  accompanying  discharge  of  improperly  treated  sewage  imposes  a 
heav  v pollution  load  on  the  stream.  < frganic  solids  which  settle  out  downstream  exert  a 
lieavv  oxvgen  demand,  and  with  the  recession  of  flow  in  the  stream,  can  cause 
maximum  oxvgen  depletion  and  septic  conditions  to  prevail.  II  allowed  to  continue, 
the  hvpassing  of  improperlv  treated  sewage  in  the  study  area  will  not  only  cause  local 
pollution,  hut  can  hasten  the  eutrophication  of  l.ivingston  Reservoir  and  the  proposed 
Tennessee  Colony  Reservoir. 

High  river  shores  resulting  from  flood  runoff  from  uncontrolled  drainage  areas  and 
from  subsequent  regulated  releases  trom  flood  control  storage  will  continue  to  occur 
on  til*'  Trinity  River.  The  proposed  canalization  of  the  1 rinity  will  provide  increased 
channel  capacitv  (25.000  cl's  at  Dallas  and  32.000  cfs  at  Rosser),  thereby  allowing  more 
rapid  disposal  of  storm  runoff  and  reducing  the  duration  of  high  river  stages.  It  will 
not.  however,  negate  the  need  for  pumping  facilities  or  other  adequate  means  for 
securing  proper  t real  men  t ol  sew  age  he  tori'  its  disc  ha  rge  into  the  w at  ercourse. 


TRINITY  RIVER  C WAI.IZATION 

( Canalization  of  the  Trinitv  River  for  the  303-mile  reach  from  the  Houston  Ship 
Channel  to  Fort  Worth  i-  included  in  the  SI. 37  billion  program  of  development  of  the 
wafer  and  land  resources  of  the  Trinity  River  Basin  planned  by  the  l .S.  Army  Corps  of 
F.ngineers.  'The  plan  of  dev elopment  is  described  in  a report  entitled.  “Comprehensive 
Survcv  Report  on  Trinitv  River  and  Tributaries.  I exas".  dated  June  1962.  To  date 
(1970)  funds  have  been  provided  for  the  initial  surveys.  Provided  in  the  plan  are 
proposed  means  for  sat isf v ing  the  present  and  projected  needs  for  water  supply,  water 
quality,  flood  protection,  navigation,  recreation,  and  fish  and  wildlife  in  the  Trinity 
River  basin.  Projects  recommended  for  authorization  in  the  plan  include  a multiple- 
purpose  channel  from  the  Houston  Ship  Channel  to  Fort  Worth  for  navigation  and 
flood  control  purposes;  four  multiple-purpose  reservoirs  Roanoke.  Aubrey.  I.akeview. 
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and  Tennessee  (iolonv;  water  < ] 1 1 a I i t \ control  distribution  facilities  from  Tennessee 
( n|um  Reservoir  to  the  existing  Henbrook  Reservoir:  and  I i \ «■  local  I loud  protection 
projects. 

I nder  t be  dorps  of  l.ngi  neers  plan  for  maintaining  adequate  flows  in  tbe  l pper 
Trinitv  River.  a pipeline  would  be  constructed  from  tile  Tennessee  (lolonv  Reservoir 
to  Henbrook  Reservoir,  which  would  transport  a vearlv  average-  flow  of  HO  mgd.  I hi' 
water  would  be  released  from  Henbrook  Reservoir  to  satisfy  llovv  augmentation  needs, 
which  are  expected  bv  the  dorps  to  varv  from  136  mgd  in  Julv  to  20  mgd  in  Januarv 
during  the  earlv  vears  of  development.  The  use-  of  the  storage  capacitv  in  Icnnessee 
dedonv  Reservoir  and  the  pipeline  facilities  initiallv  allocated  to  low  flow 
augmentation  tor  water  quaiitv  control  would  be  converted  to  municipal  and 
industrial  use  as  the  needs  for  water  supplv  develop.  It  is  anticipated  that  tbe  fid  mgd 
vearlv  average  would  be  available  until  about  tear  2020.  and  that  bv  the  year  2040  it 
would  be  completed  transferred  to  municipal  and  industrial  use.  No  plans  are 
included  to  provide  quaiitv  control  water  af ter  that  time. 

The  construct  ion  of  \ubrcv  Reservoir  above  darza-l.ittle  dim  Reservoir  on  the  dim 
dork  would  increase  the  yield  from  above  Garza-dittle  Kim  bv  about  63  mgd.  This 
amount  would  be  made  available  initiallv  for  water  quaiitv  control,  but  the  amount 
would  graduailv  decrease  until  it  was  all  needed  to  meet  municipal  and  industrial 
requirements.  The  dorps  of  Kngineers  report  indicates  that  this  is  expected  to  occur 
bv  about  1 685  or  1990. 

It  was  envisioned  in  the  dorps  report  that  \uhrev  would  lie  constructed  bv  about  1970. 
This  has  not  come  to  pass,  however,  and  though  it  is  now  before  dongress  for  funding 
it  is  not  expected  that  the  project  will  be  functional  until  about  1980.  Rv  that  time 
there  will  be-  need  for  some  of  the  increased  vield  for  municipal  and  industrial 
purposes,  and  tbe  amount  of  interim  quaiitv  emit  red  w ater  available  will  be  reduced. 

THE  TEXAS  WATER  PI-AN 

The  Texas  Water  Plan  was  prepared  and  published  under  that  title  in  November  1968 
bv  the  Texas  W ater  Development  Hoard.  The  W ater  Plan  is  a guide  for  furnishing  raw 
water,  and  other  benefits  to  be  derived  from  water  development,  necessarv  to  meet  the 
needs  of  Texans  for  all  purposes  throughout  the  State  as  the  population  grows  and  the 
economv  expands.  \t  a total  estimated  cost  of  almost  $10  billion.  it  prov  ides  for  the 
interbasin,  and  possihlv  the  interstate,  transportation  of  water  from  the  points  of 
surplus  to  the  points  of  need.  \ constitutional  amendment  to  authorize  the  Texas 
W ater  Development  Hoard  to  issue  S3. 5 billion  m bonds  to  accomplish  the  first  pnase 
of  the  W ater  Plan  was  defeated  in  September  1969. 

W ith  respec  t to  water  quaiitv  management  in  the  l pper  Trinitv  Riv er  Basin,  the  l'exas 
W ater  Plan  provides  no  storage  for  quaiitv  control  water  beyond  that  recommended  in 
the  ( lorps  of  Kngineers  plan.  In  addition,  use  of  the  1 rinitv  River  c hannel  in  the 
polluted  reach  between  Port  Worth  and  Rosser  is  not  planned  for  the  interbasin 
transfer  of  water:  therefore,  it  will  not  receive  the  benefit  of  flow  augmentation  which 
would  result  from  sue  b transfer. 
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KFFKCTS  ON  TREATMENT  RIOl  IREMENTS 


In  the  Corps  ol  Cnginecrs  report,  estimates  were  made  on  stream  loading  and  on  the 
amounts  of  qualitv  control  water  (low  flow  augmentation)  required  to  meet  acceptable 
standards.  The  assumption  was  made  that  sufficient  treatment  of  wastes  would  he 
provided  to  remove  90  percent  of  the  HOI)  and  15  percent  of  the  total  dissolved 
solids.  If  was  further  assumed  that  water  for  quality  control  would  he  required  when 
the  dissolved  owgen  in  the  stream  fell  below  f.O  mg  1.  or  the  total  dissolved  solids 
exceeded  1.000  mg  I.  No  consideration  was  given  in  that  report  to  the  removal  ol 
nitrogen  or  phosphorus.  On  the  basis  of  these  assumptions  that  report  concluded  that 
the  waters  of  the  Trinity  River  basin  would  not  be  degraded  below  the  acceptable 
limit  of  total  dissolved  solids,  if  low  flow  augmentation  were  practiced.  However,  it 
was  also  concluded  that  organic  pollution  in  the  reach  between  fort  Wo,  ill  and 
Tennessee  Colonv  Reservoir  site  exceeds  the  assimilative  capacity  ol  the-  stream  at 
present  and  would  continue  to  do  so  in  the  future.  I he  waters  available  for  qualitv 
control  through  low  flow  augmentation  in  the  basin  upstream  of  this  reach  were  not 
considered  adequate  to  raise  the  dissolved  oxygen  level  ol  the  stream  to  acceptable 
standards.  Nevertheless  that  report  did  indicate  that  a plan  for  maintaining  the  water 
qualitv  of  the  basin  could  be  developed  through  efficient  use  ol  available  dilution 
water  and  utilization  of  advanced  waste*  treatment  technology  to  provide  greater 
removals  of  ROD.  phosphates  and  nitrogen,  \clvancecl  waste*  treatment  methods  are 
discussed  in  Chapter  \l. 

The  Texas  Water  Plan  indic  ates  that  low  flow  augmentation  may  help  to  bring  water 
qualitv  to  levels  that  will  satisfv  water  uses  of  the  stream  on  an  interim  basis,  but  the 
highest  technicallv  and  economically  feasible  treatment  of  wastes  would  still  he 
needed. 

It  is  apparent  that  with  the  anticipated  continued  growth  ol  the  Pallas-hurt  Worth 
area,  and  with  the*  extremely  limited  water  quality  control  facilities  planned  by  the* 
Corps  of  Engineers,  reuse*  of  water  must  be  practiced  and  the  treatment  of  wastewaters 
to  the*  highest  practical  degree  will  he  necessary.  Estimated  low  flow  augmentation 
requirements  to  me  et  present  water  quality  standards  in  the*  study  area  are  discussed 
in  Chapter  \.  In  general,  however,  it  appears  that  low  flow  augmentat  ion  alone  would 
lie*  an  inadequate  and  costly  re  sponse  to  the  water  quality  requirements  ol  the  l pper 
Trinitv  River  Hasin. 

EXTRANEOUS  FLOWS 

Extraneous  flows  arc*  flows  of  relatively  unpolluted  ground  or  surface  water.  Irom  any 
source  other  than  domestic,  commercial  and  industrial  disc  barge  s. w hie  h by 
themselves  arc*  generallv  considered  not  to  require  treatment,  and  their  entrance  into 
sewers  i'  therefore*  not  wanted,  lnevitablv.  however,  such  waters  do  enter  sewerage 
systems  and  become  part  of  the  total  sewage  flow.  Extraneous  flows  may.  particularly 
during  wet  weather  and  periods  of  high  ground  water,  constitute  the  major  portion  of 
flow  in  a sewerage  svstem.  For  this  reason  extraneous  flows  have*  a significant  bearing 
on  tin*  effectiveness  of  sewage  collection  and  treatment  systems.  The  problem  ol 
ext  raucous  flows  is  common  to  most  sewerage  systems  in  the*  study  area  and  elsewhere. 
For  a sewerage  «vstem  in  whic  h the*  discharge  is  treated  before  release  to  receiving 
waters,  it  is  generallv  not  economical  or  desirable  to  permit  unlimited  storm  flows  (or 
other  extraneous  flows)  within  the  sy stem.  Therefore,  it  is  well  to  design,  inspect,  and 
maintain  svstems  to  hold  extraneous  flows  io  a minimum.  \t  the*  same  time,  design 
allowances  must  he  made  for  the  entrance*  of  extraneous  flow  that  it  i'  impractical  to 
pre’v  cut . 
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The  TVk  QB  recognizes  that  the  relationship  of  sewer  contents  an<l  water  quality  is  two 
fold  (1)  infiltration  of  unpolluted  water  into  sewer  systems  thus  creating  ntori 
wastewaters,  and  (2)  conversely,  the  exfiltration  or  seepage  of  polluted  water  out  o 
sewer  systems  into  ground  water  sources. 

The  Cities  of  Dallas  and  Fort  \\  orlh  were  recently  directed  by  the  T\\  (,)B  to  continui 
and  intensifv  their  present  efforts  to  control  and  treat  excessive  infiltration  and  t< 
bring  the  problem  under  control  hy  1^75.  \nnual  reports  of  all  overflows  must  lx 
submitted  b\  each  city . 

The  NCTCOG  has  applied  fora  Federal  research  and  demonstration  grant  to  devehq 
data  on  infiltration  and  exfiltration  problems  in  the  North  Central  Texas  region.  I In 
project  would  provide  for  field  tests  of  advanced  methods  of  controlling  storm  watei 
infiltration  into  sanitary  sewer  systems.  Construction  of  sewer  systems  in  selected  tes 
areas  representative  of  a variety  of  area  soil  conditions  would  he  included.  Areas  wil 
he  selected  to  give*  reliable  comparisons  among  present  typical  installations  and  nev 
demonstration  installations.  Special  mobile  equipment  will  sample*  all  test  location 
and  make  project  evaluations  under  all  weather  conditions. 

STORM  FLOWS  IN  COMBINED  SEWERS 

Combined  sewers  are  conduits  either  constructed  for  or  used  to  receive  and  come 
storm  water  runoff  as  well  as  sanitary  sewage  including  infiltration  and  iudustria 
wastewaters.  No  combined  sewers  have  been  constructed  to  serve  this  dual  functioi 
within  the  studv  area,  hut  main  existing  sewers  do  receive  sufficient  storm  Hows  a 
time's  to  become  surcharged.  In  studies  of  combined  sewer  overflows  in  a number  o 
large  Tnited  States  cities,  it  has  been  found  that  the*  liquid  portion  of  sewagi 
overflowing  during  a given  year  ranges  from  3 to  f percent  of  the*  annual  sewagi 
production.  < )n  the  other  hand,  the*  solids  portion  of  sewage  which  is  dischargee 
through  combined  sewer  overflows,  is  estimated  to  range  from  20  to  30  percent  of  tin 
annual  production  because  of  the*  flushing  action  that  occurs  during  storms. 

INFILTRATION 

Infiltration  into  sanitary  sewers  is  considered  to  include  those  extraneous  o 
unwanted  flows  sources.  Entry  of  infiltration  into  sanitary  sewer  lines  occurs  becaus 
of  broken  sewer  pipes,  pipe  joints,  and  manholes:  improperly  constructed  pipe  joint 
and  manholes;  and  leakage  through  manhole  covers  from  surface  water.  Infiltratio 
also  enters  a collection  system  through  the  connection  of  downspouts  and  surfae 
drains  to  the  sanitary  sewer  system. 

The  ip  antitv  of  infiltration  varies  with  the  type  and  tightness  of  construction,  age  c 
sewer,  groundwater  elevation  and  permeability  of  the  surrounding  soil.  Inliltratio 
also  v aries  from  season  to  season  as  the  groundwater  table  rises  anti  tails:  it  beiu 
usually  lowest  during  prolonged  dry  periods  in  the  summer  and  highest  during  th 
earlv  spring. 

Infiltration  problems  encountered  in  the  North  Central  Texas  region  have  been  i 
part  attributed  to  the  expansion  characteristics  of  the  predominantly  clay  soil.  Sue 
soils  shrink  and  crack  when  they  lose  moisture  and  may  also  crack  sewer  pipe.  In  sue 
cases,  the  effect  of  a “French  drain"  may  he  realized  when  a rainstorm  occurs. 
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Defective  \ -branches  are  known  to  base  contributed  appreciable  percentages  o 
infiltration.  However,  in  most  sewers  except  those  containing  large  amoui 
cracked  pipe,  the  hulk  of  the  infiltration  occurs  through  fault)  joints.  Joint  leak 
existing  sewers  is  at  least  partialK  due  to  the  tv  pcs  o!  jointing  materials  that  ha\ i 
used  in  the  past.  Manx  sanitarv  sewers  have  been  built  with  either  cement-nior 
hot-poured  or  cold  installed  bituminous  joints.  None  of  these  jointing  materic 
proven  enlirelv  satisfactory  because  of  the  difficult)  of  making  tight  joints  in  tin 
and  because  tightness  tends  to  decrease  with  t i me. 

Leakage  into  existing  sewerage  systems  tends  to  increase  w ith  age.  Infiltratioi 
have  been  recorded  (in  other  areas  of  the  country)  as  high  as  60.000  gpd  per  n 
sewer  for  entire  systems  below  ground  water,  and  up  to  1.000.000  gpd  per  mile  of 
or  more  for  short  stretches. 

<t 

Infiltration  studies  have  been  conducted  in  Dallas  for  many  years.  It  was  reporte 
infiltration  rates  for  sewers  constructed  in  Dallas  with  asphaltic  hot-poured 
ranged  as  high  as  72.000  gpd  in  diameter  mile.  The  infiltration  rate  from  all 
constructed  prior  to  1657  was  estimated  at  about  11,250  gpd  in  diameter  mile 
on  lengt  h ami  si/e  oi  street  sewers.  For  sewers  constructed  between  165-  and  165 
preformed  compression  joints  the  rate  dropped  to  about  1.500  gpd  in  diameter 
It  is  evident  that  high  infiltration  rates  may  result  from  older  sewers  and  that 
rates  can  he  markedly  reduced  through  the  use  of  modern  joint ing  techniques. 

\ special  infiltration  studv  conducted  in  Garland  in  \pril.  1965  estimated  inlilt 
rates  to  varv  from  about  1 .200  to  5.400  gpd  in  diameter  mile. 

Inadequately  installed  house  connection  lines  can  he  very  important  sour 
excessive  infiltration  since  these  lines  may  often  have  a total  length  greater  th 
total  length  of  the  collecting  sewers.  Infiltration  into  house  connections  ha- 
measured  and  found  to  be  as  much  as  60  percent  of  the  total  infiltration  into  a s 
\dequate  standards  and  control  of  construction  are  required  to  reduce  infill 
from  house  connections. 

Kxtraneous  flows  may  enter  sanitary  sewer  systems  from  other  sources  in  atldi 
defective  pipe  joints  as  discussed  above,  lests  made  ol  leakage  through  m 
covers  indicate  that  the  rate  of  flow  per  manhole  may  range  front  20  to  as  Itigl 
gpm  with  a depth  of  one  inch  of  water  ov  er  the  coy  or.  depending  upon  the  mini  I 
size  of  holes  in  the  cover.  \ few  roof  drains  connected  to  the  sanitary  sewer  a 
overcharge  smaller  sewers.  \ rainfall  of  one  inch  per  hour  on  1.200  square  feet 
area,  for  example,  would  contribute  I low  at  a rale  ol  more  than  12  gpm.  Direct  e 
surface  runoff  into  basements  or  drained  crawl  spaces,  through  window 
areaways.  basement  garages  or  directly  through  foundation  walls  can  result  in  I 
extreme  magnitude. 

Kxpected  quantities  of  flow  from  foundation  drain  connections  may  var; 
insignificant  to  prohibitive  amounts  and  must  be  evaluated  for  each  system.  In 
( itv.  Missouri  area  foundation  drain  discharge  is  estimated  to  average  1.25  g 
house. 
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UNDESIRABLE  ASPECTS 


Extraneous  flows  max  effectively  reduce'  the  capacity  of  the  pipe  to  carry  the  se 
for  which  it  was  designed.  In  heavy  prolonged  storms  the  extraneous  flows  m< 
exceed  the  sewer  capacity  that  almost  all  the  sanitarv  sewage  is  discharged  direct 
the  watercourses,  rather  than  to  the  intercepting  or  trunk  sewers.  Pollutio 
watercourses  is  hence  frequently  severe  for  extensi\e  periods  during  and  alter  sir 
Disease-producing  organisms  abound  in  such  polluted  waters.  severely  limitin' 
suitahilitv  of  the  waters  lor  recreational  and  other  uses.  Such  organisms,  isolated 
identified  in  samples  of  overflow  wastewater  consisting  of  mixed  sewage  and  s 
water,  include  pathogenic  bacteria  and  viruses  of  types  often  found  in  raw  sail 
sewage.  In  addition,  early  portions  of  the  overflow,  particularly,  contain 
concentrations  of  suspended  solids  and  associated  BOD.  The  sludge  and  debris  w 
have  settled  or  stranded  in  the  sewer  during  low  flows  in  the  preceding  dry-wet 
period  are  scoured  from  lateral  branch  and  main  sewers,  and  are  carried  tc 
watercourse.  Other  nuisance-causing  substances  common  to  overflows  include  gr 
oil.  floating  solids  and  debris.  The  formation  of  sludge  banks  with  attendant 
problems  in  the  vicinit v of  outlets  is  a common  result  of  such  overflow s. 

Infiltration  max  lead  to  cave-ins  and  structural  failures  in  sewers  and  paven 
resulting  from  soil  washing  into  the  sewer  through  leaky  joints.  Higher  > 
maintenance  costs  result  from  soil  deposits  in  the  sewer  and  from  root  penetr. 
into  the  leakv  joints.  The  soil  washed  into  the  sewer  may  clog  it. 

The  extraneous  flow  from  surface  or  subsurface  sources  that  enters  the  sewer  sy 
results  in  an  increase  in  pumping  costs.  Inasmuch  as  sewer  capacities  generally  ex 
treatment  plant  capacities  by  substantial  amounts  the  extraneous  flow  also  may 
treatment  upsets  and  overflows  at  the  plant.  Overflowing  of  sewage  during  high 
periods  currently  occurs  in  a number  of  systems  in  the  study  area  including  D 
\rl ington.  Fort  W ort  h.  Richardson  and  Garland. 

An  additional  undesi  raid e aspect  ot  ext  raucous  I low  is  that  to  handle  this  excess  II 
may  become  necessary  to  construct  relief  sewers  and  expand  existing  treat 
facilities.  The  City  of  Dallas  is  currently  building  storm  water  diversion  and  treat 
facilities  to  reduce  untreated  discharges  to  the  Trinity  River  resulting 
overflowing  sanitarv  sewers.  These  facil it ies  are  expected  to  achieve  substantial  'a 
over  the  construction  of  large  interceptors  and  treatment  plant  expansions  otlio 
required  to  handle  these  flows. 

Studies  were  made  of  the  efficiencies  of  the  Fort  Worth-Riverside  and  \rlii 
Sewage  Treatment  Plants  during  storm  periods.  It  was  found  that  even  thong 
strength  of  the  sewage  is  weaker  during  storm  com!  it  ions,  the  percent  rentov  a I ol 
under  these  conditions  is  less  than  the  percent  removal  during  normal  dry  we 
cond  it  ions. 

The  economic  effect  of  the  entrance  of  extraneous  flow  into  sewerage  systems 
course,  to  increase  the  cost  of  constructing,  operating  and  maintaining  sewer 
treatment  facilities.  Estimated  total  costs  of  infiltration  in  Garland  based  on 
annual  cost  data,  updated  to  present  costs,  and  capitalized  at  (».."»  percent  annul 
about  $13,000  per  mile.  Such  a cost  penalty  demands  that  policies  he  developei 
implemented  to  reduce  the  entrance  of  unwanted  flows. 
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RECOMMENDED  POLICY 


General.  Efforts  should  be  made  to  reduce  infiltration  and  other  extran 
weather  flows  wherever  possible  in  the  existing  sewers  to  permit  them  to 
more  effectively,  to  prevent  treatment  plant  upsets  and  to  reduce  costs.  \< 
should  be  built  with  materials  and  using  techniques  that  best  retard  infiltr 
sewers  should  be  adequate!)  inspected  and  repaired  to  keep  infiltration  rate> 
regulations  should  he  enforced  to  insure  that  other  extraneous  wet  weather 
not  introduced  into  the  sewer  svstem.  Reduction  of  infiltration  can  result 
useful  lives  for  existing  and  recommended  facilities  and  may  be  achieved  by 
and  use  of  the  following: 

1.  Appropriate  high-quality  construction  materials. 

2.  Measures  to  protect  sewers  from  hydrogen  sulfide  corrosion. 

3.  Preformed  compression-type  joints. 

4.  Modern  construction  techniques. 

5.  Adequate  inspection  procedures. 

6.  Regulation  of  house  connections. 

Construction  Materials.  Factors  which  should  be  considered  in  the  sei 
materials  for  sewer  construction  are: 

1.  Flow  characteristics  - friction  coefficient. 

2.  Life  expectancy  and  use  experience. 

3.  Resistance  to  scour. 

4.  Resistance  to  acids,  alkalies,  gases,  solvents,  etc. 

5.  Ease  of  handling  and  installation. 

6.  Strength  to  resist  structural  failure. 

7.  Tv  pc  of  joint  - watertightness  and  ease  of  assembly. 

8.  Availability  and  ease  of  installation  of  fittings  and  connections. 

4.  Availability  in  sizes  required. 

10.  Cost  of  materials,  handling,  and  installation. 

The  character  of  sewage  to  be  transported,  presence  of  industrial  wastes,  coi 
conditions  to  be  met  or  methods  used,  and  such  other  local  conditions  a 
pertinent  to  material  selection  should  be  established  to  give  proper  consul 
the  foregoing  factors. 
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Many  materials  are  available  for  use  in  sewer  construction  including  a> 
pipe  (gravity  and  pressure),  brick  masonry,  cast  iron  pipe,  concrete  (pla 
pressure,  precast  pipe  and  monolithic),  steel  pipe  (plain  or  corrugated) 
pipe  and  several  newer  materials  including  plastics  and  ductile  iron. 

No  one  material  is  better  than  all  the  rest  for  all  applications  and  t 
advantages  in  certain  installations.  All  the  above  materials  come  wi 
provide  acceptable  watertightness  if  properly  installed. 


Corrosion  Protection.  Insofar  as  possible,  sewerage  systems  should  be 
operated  to  be  sulfide-free.  When  sulfide  resulting  in  acid  formati 
prevented  by  design,  ventilation,  maintenance,  chemical  addition  or  con 
entering  the  system,  considerations  must  be  given  to  corrosion-resist 
vitrified  clay  or  to  protective  linings  of  proven  performance.  Efforts 
extend  the  life  of  sewer  pipe  materials  may  be  either  by  the  applicat 
(corrosion)  resistant  barrier  or  by  alterations  to  the  composition  of  the  p 

To  protect  concrete  and  asbetos-cement  pipe,  coatings  and  linings  of  b 
coal  tar  products,  vinyl  and  epoxy  resins  and  paints  have  been  used  w ith 
The  limitation  on  the  success  of  such  barriers,  however,  is  the  abilit 
coating  or  lining  completely  free  of  pinholes.  The  seeping  of  acids  throu 
small  as  pinholes  destroys  the  effectiveness  of  the  lining.  Plasticized  pob 
sheets,  locked  to  large-size  concrete  pipe  din  ing  manufacture,  when  pro 
and  sealed  at  joints,  may  be  expected  to  have  a 50  year  life. 

Alterations  to  the  composition  of  concrete  pipe  include  the  use  of  T 
which  is  somewhat  more  resistant  to  sulfate  attack  than  Type  I cenu 
thickness  (sacrificial  concrete)  sometimes  is  specified  to  increase  pipe  li 
corrosive  conditions  develop.  In  reinforced  concrete  this  extra  thickne 
added  cover  over  the  inner  cage  or  reinforcing  steel. 

The  use  of  dolomite  or  limestone  aggregates  in  the  concrete  may  redi 
acid  attack  as  much  as  five  times  when  compared  to  granite  aggri 
dolomite  or  limestone  aggregates  possess  these  properties  and  test  shou 
the  material  to  be  used. 

( last-iron  anil  ductile  iron  pipe  is  usually  protected  by  a cement  mortar 
Steel  pipe  may  be  similarly  protected,  or  plasticized  polyvinyl  chloride 
cemented  to  the  interior  of  the  larger  pipes. 

Sufficient  tests  should  be  conducted  or  the  results  of  existing  tests  shou 
before  linings  are  specified,  in  order  that  only  linings  of  proven  perfori 
life  (up  to  50  years)  are  used. 

Joints.  The  characteristics  of  a good  sewer  pipe  joint  include  watertight 
to  root  penetration,  resistance  to  corrosion,  a reasonable  degree  of 
durability.  In  the  past,  jute  and  mortar  joints  were  commonly  used  on  ■ 
sanitary  sewers  they  were  too  rigid,  tended  to  shrink  and  crack  am 
watertight  nor  rootproof.  Mortar  joints  were  also  susceptible  to  -nil  el 
in  time  destroyed  the  entire  joint.  \ arious  types  of  bituminous  mai> 
and  are  being  used  on  many  sanitary  sewers. 
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Factory-made  (preformed)  compression  joints  are  being  used  successfully  in  limiting 
infiltration  ami  root  penetration  on  bell  and  spigot  vitrified  clay  sewer  pipe.  The  so 
called  “O”  ring  joint,  which  is  one  type  of  compression  joint,  is  easy  to  install  and  has 
given  good  results,  not  only  on  vitrified  day,  hut  also  on  asbestos-cement,  concrete  and 
other  types  of  pipe.  Various  designs  of  rubber  type  gaskets  have  been  successfully  used 
on  sanitary  sewers.  Plain  end  pipe,  either  vitrified  clay  or  concrete  is  coupled  by  a 
rubber  sleeve  secured  to  the  pipe  with  clamping  rings.  Another  type  of  compression 
joint  consists  of  a bituminous  impregnated  filler  which  is  available  in  strips  and  which 
can  be  compressed  in  a joint.  Other  types  of  modern  joints  that  appear  to  be  successful 
in  limiting  infiltration  and  root  penetration  are  the  chemical  welded  joints  on  plastic 
pipe  and  the  welded  joint  on  steel  pipe.  Vi  e recommend  that  all  sewers  constructed  in 
the  future  be  provided  with  compression-type  (or  welded)  joints  to  reduce  infiltration 
and  provide  a necessary  degree  of  flexibility. 

Construction  Techniques.  Modern  effective  construction  techniques  are  essential  to 
reducing  infiltration  into  sewers. 

Foundation  for  the  pipe  should  he  prepared  either  by  shaping  the  trench  bottom  to  fit 
the  pipe  barrel  and  the  projecting  joint  elements,  or  by  over-excavation  and  backfill 
with  granular  material.  Very  soft  trench  bottoms  shoidd  be  stabilized  by  the  addition 
of  a crushed  rock  or  gravel  bed.  In  areas  of  unequal  settlement,  timber  cribbing,  piles, 
or  reinforced-concrete  cradle  may  be  necessary.  Where  water  tables  are  high, 
dewatering  is  necessary  while  placing  corn  rete. 

Backfilling  of  the  sewer  trench  is  a very  important  consideration  in  sewer 
construction.  The  methods  and  equipment  used  in  placing  fill  must  be  selected  to 
prevent  dislocation  or  damage  to  the  pipe.  The  method  of  backfilling  to  be  used  varies 
with  the  width  of  the  trench,  the  character  of  the  materials  excavated,  the  method  of 
excavation,  and  the  degree  of  compaction  required.  In  improved  streets,  or  streets 
programmed  for  immediate  paving,  a high  degree  of  compaction  should  be  required. 
In  less  important  streets,  or  in  sparsely  inhabited  subdivision  w here  flexible  macadam 
roadways  are  used,  a more  moderate  specification  for  backfilling  may  be  justified. 
Along  outfall  sewers,  in  open  country,  it  may  be  sufficient  to  mound  the  trench  and. 
after  natural  settlement. return  to  regrade  the  area.  Compaction  results  should  be 
determined  in  accordance  with  current  AASHO  (American  Association  of  State 
Highway  Officials)  test  procedure.  I pon  completion  of  backfill,  steps  should  be  taken 
to  restore  the  surface  fullv  to  a condition  at  least  equal  to  that  which  existed  prior  to 
the  sewer  construction. 

Chapter  IX  of  ASCE  Manual  of  Engineering  Practice  No.  37  presents  generally 
accepted  criteria  and  methods  of  calculations  for  the  determination  of  loads  and 
supporting  strength,  and  demonstrates  generally  accepted  methods  of  combining  these 
elements  with  the  application  of  a factor  of  safety  to  produce  a safe  and  economical 
design.  Methods  are  also  presented  for  the  determination  of  probable  maximum  loads 
due  to  gravity  earth  forces  and  for  both  static  and  moving  superimposed  loads.  These 
methods,  where  so  noted,  are  applicable  to  rigid  and  flexible  conduits  in  the  most 
common  installation  conditions:  in  trench,  in  natural  ground,  in  embankment,  and  in 
tunnel. 

Inspection  and  Maintenance.  Accompanying  adequate  sewer  design,  there  should  he 
provision  for  adequate  inspection  to  insure  proper  construction  practice.  Besides 
overseeing  construction  procedure,  construction  inspection  should  include 
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infiltration  and/or  exfiltration  tests  on  the  newly  completed  sewer.  Under  soil  and 
groundwater  conditions  that  insure  a groundwater  table  at  a suitable  elevation  above 
the  top  of  the  sewer  pipe  after  the  completion  of  construction,  an  infiltration  test  is 
sufficient;  where  the  ground  water  table  is  below  the  sewer  invert  after  the  completion 
of  construction,  an  exfiltration  test  is  indicated.  Existing  sewers  should  be  regularly 
inspected  for  leaks.  Photographic  or  television  inspection,  accomplished  by  passing  a 
camera  along  the  interior  of  a sewer,  readily  reveals  and  locates  leaks  and  pipe 
failures.  Such  a system  is  used  by  Dallas. 

The  repair  of  major  leaks  and  pipe  failures  may  require  excavation  to  expose  the 
problem  area.  The  repair  of  most  smaller  leaks  discovered  in  the  inspection  process 
may  be  accomplished  using  grout  or  chemical  sealants  which  may  be  applied  from 
w ithin  the  pipe  thus  eliminating  the  cost  of  excavation  and  attendant  problems. 

Regulations  of  House  Connections.  Proper  design  and  construction  of  trunk  sewers 
and  street  laterals  will  reduce  infiltration  through  cracked  pipes.defective  joints, 
leaking  manholes,  and  surface-water  entrance  through  manhole  covers  etc.;  yet,  design 
and  construction  of  public  sewers  cannot  eliminate  infiltration  from  faulty  house 
connections,  illegal  connections,  or  other  defects  on  private  property  unless  adequate 
control  is  exercised  in  this  area  also.  Control  on  private  property  must  be  exercised 
through  regulations  or  ordinances  enforced  by  the  appropriate  political  subdivisions. 

Because  careful  inspection  and  good  workmanship  in  private  property  construction 
usually  are  more  difficult  to  achieve  than  adequate  construction  and  inspection  of 
public  sewers,  some  cities  such  as  Dallas  require  pressure  tests  on  house  connections.  It 
is  clear  that  there  should  be  suitable  public  control,  requiring  high  quality 
specifications  and  construction  practices,  for  house  sewers  because  of  the  economic 
importance  of  the  infiltration  provision  in  the  capacity  of  public  sewers. 

The  regulations  for  installation  of  building  sewer  connections  (usually  from  the 
property  line  to  the  building)  are  commonly  included  in  the  municipality’s  plumbing 
ordinance.  This  ordinance  should  set  forth  the  procedures,  materials,  methods  of 
testing  and  permit  and  inspection  requirements,  and  if  properly  structured  and 
enforced  it  will  result  in  adequate  control  of  infiltration  into  the  system. 

The  Cities  of  Dallas  and  Fort  Worth  have  plumbing  ordinances  which  may  be  used  as  a 
guide  by  those  municipalities  that  are  in  the  process  of  preparing  their  own  or  may 
prepare  their  own  in  the  future.  In  addition,  the  planned  NCTCOG  study  of 
infiltration  and  exfiltration  problems  in  the  North  Central  Texas  Region  is  intended 
to  yield  model  building  codes  and  ordinances,  subdivision  regulations  for  sanitary 
sewer  construction,  specifications  for  materials,  and  testing  procedures. 

DESIGN  ALLOWANCE  FOR  INFILTRATION 

Although  infiltration  control  reduces  operation  and  maintenance  costs,  and  definitely 
provides  greater  control  of  pollution  of  watercourses,  it  is  not  economically  feasible 
to  eliminate  infiltration  entirely.  Costs  for  infiltration  control  involve  expense  to 
private  parties  due  to  control  regulations.  Furthermore,  since  compliance  with 
regulations  prohibiting  surface  drain  and  foundation  drain  connections  may  increase 
yard  grading  and  building  construction  costs,  it  must  be  anticipated  that  there  may  be 
resistance  to  such  regulations.  Construction  from  now  on  should  be  regulated  to  a 
much  greater  extent  than  that  practiced  when  the  systems  were  begun. 
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The  designer  must  evaluate  the  prevailing  conditions  and  make  allowances  for  such 
amounts  of  manhole  leakage,  roof  water,  and  surface  runoff  as  in  his  judgement  will 
be  unavoidable  under  the  probable  enforcement  conditions  for  the  specific  area 
under  design.  Hence  there  is  a point  of  balance  for  each  sewer  system  beyond  which 
the  cost  of  extraneous  flow  will  not  be  offset  by  equal  savings  in  the  cost  of  sewers  and 
treatment  facilities  and  beyond  which  statutory  regulations  are  of  doubtful  value.  The 
points  of  balance  for  various  systems  in  the  study  area  vary,  but  infiltration  allowances 
have  been  developed  for  estimating  purposes  based  on  available  information  as 
discussed  in  Chapter  V. 

CONCLUSIONS 

The  entrance  of  extraneous  or  unwanted  flows  into  sewerage  systems  results  in 
overloaded  sewers  and  treatment  plants,  overflows  of  mixed  sewage  and  storm  water  to 
watercourses,  and  high  costs  to  provide  additional  capacity  in  new  facilities.  It  is 
desirable  from  each  of  these  standpoints  to  reduce  the  entrance  of  extraneous  surface 
and  ground  waters  into  sewerage  systems  to  the  maximum  extent  possible  with 
modern  methods  of  construction,  available  materials,  maintenance  and  repair 
procedures,  inspection  and  ordinances.  The  TWQB  requires  that  Dallas  and  Fort 
Worth  control  and  treat  excessive  infiltration  within  five  years. 

The  control  of  infiltration  by  means  of  enforceable  plumbing  ordinances  or  codes  for 
building  sewer  connection  work,  and  by  proper  design  and  inspection  of  all  sewer  pipe 
installation,  should  be  the  goal  of  all  municipalities.  It  behooves  each  municipality  to 
adopt  and  enforce  satisfactory  measures  in  this  regard.  Only  in  this  way  can  city,  state 
and  federal  funds  for  sewerage  system  construction  be  expended  with  maximum  long 
term  economic  benefits.  Improvement  of  water  quality  in  the  region’s  lakes  and 
streams  will  be  assisted  by  the  control  and/or  treatment  of  overflows  resulting  from 
excessive  infiltration. 
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CHAPTER  IV 

EXISTING  SEWERAGE  FACILITIES 

GENERAL 

{:  . To  provide  a sound  basis  on  which  to  make  recommendations  for  sewerage  facilities 

required  to  handle  future  sewage  flows  and  loads,  it  is  necessary  to  determine  the 
capacities  and  usefulness  of  existing  facilities.  In  1968,  an  inventory  of  all  existing 
sewage  treatment  plants  in  the  North  Central  Texas  region  was  made  for  the 
NCTCOG  by  Forrest  and  Cotton,  Inc.,  and  Freese,  Nichols  and  Endress.  The  total 
number  of  municipal  sewage  treatment  plants  in  the  study  area  at  present  is  132. 

Pertinent  data  on  these  plants  are  shown  in  Table  IV-1. 

■ For  this  study,  questionnaires  on  25  major  wastewater  treatment  plants  have  been 

completed,  which  contain  pertinent  up-to-date  information  on  the  plants.  The 
questionnaires  are  presented  in  Appendix  B,  and  a brief  discussion  of  each  of  31  major 
plants  is  presented  hereinafter. 

I • 

\n  inventory  of  all  existing  major  trunk  sewers  in  the  study  area  was  made  as  part  of 
this  study.  Data  pertaining  to  the  capacities  and  sizes  of  the  various  trunk  sewers  are 
tabulated  in  Appendix  D.  In  addition,  an  inventory  of  septic  tank  systems  in  the  study- 
area  was  made  as  part  of  this  study  and  as  presented  herein. 

All  existing  sewage  treatment  plants  and  major  trunk  sewers  in  the  study  area  are 
shown  on  F'ig.  IV-1  and  IV-2,  appended  to  this  volume. 

The  adequacy  of  existing  sewage  treatment  facilities  to  handle  future  requirements  is  i 

discussed  in  Chapter  VIII.  The  adequacy  of  existing  major  trunk  sewers  is  reflected  in 

the  requirements  for  relief  interceptors  as  proposed  in  Chapters  IX  and  X.  > 

EXISTING  MAJOR  TRUNK  SEWERS 

Existing  major  trunk  sewers  listed  in  Appendix  D and  shown  on  Fig.  IV-1  and  IV-2  are 
those  which  are  considered  to  have  significance  to  a regional  sewerage  plan.  Such  a 
plan  involves  the  collection  and  treatment  of  sewage  from  more  than  one  population 
center  or  node.  A number  of  existing  trunk  sewers  which  are  so  located  as  to  lend 
themselves  conveniently  It)  a regional  sewage  transmission  system  are  considered 
suitable  for  utilization.  The  criteria  used  for  deciding  which  sewers  qualify  as  “major 
trunk  sewers”  consists  of  any  one  of  the  following: 

1.  The  sewer  is  an  influent  line  to  one  of  the  major  treatment  plants. 

2.  If  only  one  city  is  served  by  the  sewer,  it  is  considered  as  a trunk 
sewer  to  the  point  upstream  where  it  receives  flow  from  a number  of 
branch  and/or  collecting  sewers. 

3.  If  more  than  one  city  is  served,  it  is  considered  as  a trunk  sewer  ] 

upstream  to  the  last  community  served. 
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CHARACTERISTICS  OF  EXISTINC  SEWAGE  TREATMENT  PLANTS' 


Node 

Year 

Latest 

Capacity 

Flow 

BOD 

SS 

No. 

Location 

Built 

Expansion 

(mgd) 

(mgd) 

ia&GU 

(■a/D 

TRINITY 

RIVER  - WATERSHED  i 

1A-211 

Kerens 

0.14 

0.09 

55 

56 

IB-92 

Sonoma  (Ennis  System) 

1951 

0.42 

0.31 

40 

35 

1C- 90 

Nickerson  4 Nickerson, Inc.  (Palmer) 

- 

0.003 

- 

- 

1C-91 

Palmer 

0.04 

0.04 

- 

- 

ID-145 

W timer 

0.09 

0.06 

30 

128 

ID— 161 

TRA  Ten  Mile  Creek 

1970 

7.00 

0.22e<3) 

- 

- 

IE-147 

Kleberg 

0.50 

30 

46 

IE- 149 

balch  Springs  (Dallas  - Hickory  Tree 

WC ID  #6) 

1961 

0.60 

0.25 

- 

- 

IE-150 

Seagovtlle  Fed.  Corr.  Institute 

0.30 

0.08 

- 

- 

IF- 146 

Dallas  - South  Side 

1966 

7.00 

4 . OOe 

40 

123 

1C- 14 3 

Hutchins 

0.18 

O.lOe 

20 

39 

1H-66 

Richardson 

1955 

1961 

1.54 

1.60 

12 

17 

11-175 

Dallas  - White  Rock 

1953 

1963 

54.00 

67 . 20e 

48 

46 

11-176 

Dallas 

1917 

1951 

36.00 

33. OOe 

39 

41 

Subtotal 

107.81 

106. 55e 

CEDAR  CREEK  - WATERSHED  2 

2A-202 

Mabank 

0.05 

0. 05e 

_ 

_ 

2A-203 

Malakoff 

0.19 

0.10 

30 

170 

2A-204 

Athens  - North 

0.71 

0.25 

37 

61 

2A-205 

Athens  - West 

0.75 

0.30 

21 

33 

2A-208 

Trinidad 

0.13 

0.06e 

19 

27 

2B-191 

Wills  Point 

0.21 

0.2  2e 

61 

90 

2C-192 

Terrell  - Kings  Creek 

1934 

1955 

0.96 

1.60 

44 

135 

2C-193 

Terrell  - Bachelor  creek 

196) 

0.40 

O.lOe 

14 

37 

2C-196 

Kaufman 

0.64 

0.41 

60 

48 

2C-199 

Kemp 

0.10 

O.OSe 

33 

39 

Subtotal 

4.14 

3. 14e 

EAST  FORK.  TRINITY  RIVER  - WATERSHED  3 

3A-58 

Seagovl lie 

0.34 

0 . 19e 

80 

52 

3A-61 

Crandall 

0.07 

0.04e 

38 

26 

3B-15 

Farmersville 

0.60 

0. 19e 

45 

34 

3B-16 

Rockwa 1 1 

1957 

0.16 

0.14e 

85 

20 

3B-51 

Forney 

0.28 

0. 20e 

- 

- 

3C-54 

Mesquite 

1959 

1964 

'.00 

4.80 

18 

24 

3D-23 

Garland  - Duck  Creek 

1962 

10.00 

9.80 

27 

36 

3E-26 

Plano 

1959 

1965 

1.85 

1.50 

24 

38 

3E-40 

Garland  - Rowlett  Creek 

2.00 

2.70 

27 

45 

3G-34 

Wylie 

0.64 

0.1 3e 

- 

- 

3H-1 

Anna 

- 

0.04e 

- 

3H-  3 

McKinnev  - North 

0.50 

0.25 

18 

16 

3H-24 

McKinnev  - South 

0.50 

1.25 

16.5 

16 

31-0 

Van  Alstvne 

- 

0. 21e 

34 

55 

31-5 

Princeton 

0.06 

0.07e 

33 

117 

3J-8 

Blue  Ridge 

0.06 

0.0  2e 

- 

- 

3J-7 

Top.  Bean 

0.04 

0.03e 

- 

3J-11 

Trenton 

0.02e 

21 

62 

3J-14 

Leonard 

0.17 

0.07e 

13 

32 

Subtotal 

24.29 

2 1 . 65e 

ELM  FORK  TRINITY  RIVER  - WAIERSHED_4 

4A-81 

Lewisville 

195« 

I V69 

1.76 

0.60 

30 

24 

-A- 166 

TRA  Central 

1959 

30.00 

13.60 

23 

53 

4B-149 

J.  W.  Helton  (Justin) 

- 

- 

- 

- 

4B-150 

•uet In 

0.05 

0.05 

3 

4B-151 

Roanoke 

0.07 

0.04 

- 

- 

4B-15A 

Graoev ine 

0.24 

0.29 

15 

30 

4P-170 

Green  A._res  Fstates 

- 

- 

- 

- 

4C-50 

Muenster 

0.10 

0.14 

40 

151 

4C-54 

Lindsav 

- 

0.02 

- 

4C-55 

Gainesville 

1.50 

1.39 

48 

50 

4C  70A 

Lake  Dallas 

0.20 

0.50 

20 

20 

4C-71 

Denton 

196) 

1970 

6.00 

2.60 

15 

31 

4C-206 

Prosper 

0.04 

0.02 

16 

157 

4C - 209 

Frisco 

0.25 

0.07 

13 

10 

4D-100 

Krum 

0.08 

0.03 

- 

- 

4E-10 

Sanger 

1927 

0.12 

0.11 

136 

85 

4E-11 

Nickerson  s Ni< kerson, Inc . (Sanger) 

- 

0.003 

- 

- 

4F  60 

Pilot  Point 

0.09 

0.11 

- 

- 

4F  64 

Aubrey 

0.07 

0.04 

40 

126 

4F  200 

Gunter 

0.03 

0.05 

50 

82 

4F-204 

Celina 

0.01 

0.08 

23 

85 

4C- 213 

Col  1 inav 1 lie 

0.06 

0.06 

23 

90 

4(,-214 

Tioga 

0.06 

0.04 

35 

25 

Subtotal 

40.54 

20.96 

WEST  FORK  TRINITY  RIVER  - WATERSHED  5 

5A-20 

Keller  (No.  Tarrant  Co.  M.W.D.) 

I960 

0.21 

_ 

_ 

- 

5A-24 

Grapevine 

0.20 

- 

- 

- 

5A  60 

Creenview  Addition 

1970 

- 

0.04 

- 

- 

5B-17Q 

Green  Valiev  Mobile  Home  Park 

- 

- 

5C-I 

Venus 

0.02 

0.03 

55 

163 

5C-500 

Midlothian 

0.90 

0. 10 

25 

4S 

5D-214 

Mansf 1 eld 

0.32 

0.20 

- 

- 

5E-195 

Ar 1 lngton 

1957 

1970 

6.50 

5.41 

52 

45 

5F-184 

Euless  - West 

0.50 

1 . 50e 

5F-188 

Euless  East 

0.50 

1 .00e 

Under  construction 


To  be  phased  out 


New  plant  planned 


Heine  expanded  to 
0.60  mgd 


Expansion  planned 
to  30  mgd 


Expansion  planned 
to  b.  00  ay fd 


being  expanded 


tnder  construction 
To  be  phased  out 
To  be  phased  out 
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CHARACTERISTICS  OF  EXISTINC  SEWAGE  TREATMENT  PLANTS^1) 
(Continued) 

Year  of  Design  1968^)  1968^^  Effluent 

Year  Latest  Capacity  Flow  BOD  SS 

Built  Expansion  (mgd)  (mgd)  (mg/1)  (mg/1) 


WEST  FORK  TRINITY  RIVER  - WATERSHED  5 (Continued) 


5F-189 

Greater  Southwest 

0.50 

0.04 

- 

- 

5G-130 

Burleson 

0.60 

0.26 

50 

46 

5C-132 

Crowley 

- 

0.08 

- 

- 

5C-133 

Sunny  Acres  Mobile  Home  Park 

- 

- 

- 

- 

5G-136 

Ever man 

1.12 

0.19 

8 

32 

5C-137 

Kennedale 

0.20 

0.14 

6 

10 

3G-138 

Forest  Hill 

0.70 

0.70 

21 

10 

5G-180 

Fort  Worth  - Village  Creek 

1956  1970 

45.00 

26.70 

35 

48 

5H-141 

Banfield  Mobile  Home  Park 

0.01 

_ 

_ 

_ 

5H-143 

Royal  Coach  Mobile  Home  Park 

0.25 

- 

- 

- 

5H-145 

L & M Mobile  Home  Park 

0.01 

- 

- 

- 

5H-150 

Treetop  South  Mobile  Home  Park 

0.10 

- 

- 

- 

5H-153 

Tumbleweed  Mobile  Home  Park 

0.06 

- 

- 

- 

5H-156 

Wilson 

0.004 

- 

- 

- 

5H-159 

Poly-Webb  Mobile  Home  Park 

- 

- 

- 

- 

5J-17 

Keller  Mobile  Home  Park 

0.001 

- 

- 

- 

5J-107 

Haltom  City 

1.20 

1.62 

32 

35 

5J-112 

Richland  Hills  (TCWSC  #2) 

1.10 

0.46 

145 

156 

5M-101 

Fort  Worth  - Riverside 

1924  1953 

30.00 

25.40 

28 

35 

5M  172 

TCWSC  «L  (Highway  820) 

1.39 

- 

- 

- 

5Q-71 

Benbrook 

0.29 

0.28 

8 

234 

5Q-72 

Ct.  Francis  Village 

0.05 

0.05 

20 

5Q-7  3 

Weatherford 

1.00 

0.75 

24 

12 

5Q-76 

Aledo 

0.02 

0.01 

- 

- 

3S-18 

Chico 

0.03 

U.G5 

. ->r 

42 

5S-19 

Bridgeport 

0.39 

0.04 

60 

-.0 

5S-23 

Runaway  Bay 

0.01 

0.003 

- 

- 

5S-38 

Jacksboro 

0.34 

0.31 

26 

39 

5S-39 

Decatur 

0.32 

0.21 

- 

- 

5S-46 

Boyd 

0.12 

0.05 

44 

84 

5S-51 

Rhome 

- 

0.005 

- 

- 

5S-52 

Spr ingtown 

0.12 

0.14 

85 

- 

5S-39 

Lakeside 

0.03 

0.10 

- 

5S-175 

Azle  (TCWSC) 

- 

- 

- 

- 

5T-1 

Bowie  - South 

0.42 

0.10 

’ 5 

16 

5T-28 

Bowie  - East 

0.37 

0.30 

40 

50 

5T-11 

NOLANDS 

Alvord 

Subtotal 

RIVER  - WATERSHED  8 

0.07 
95 .02e 

0.06 
66 . 29e 

19 

192 

8A-1 

Johnson  Co.  FWSD  tfl  (Joshua) 

- 

0.05 

_ 

- 

8A-2 

Cleburne 

2.40 

1.36 

86 

50 

8A-3  God ley  8A-3 

Subtotal 

CHAMBERS  CREEK  - WATERSHED  10 

'2.40 

0.01 

1.42 

10A-80 

Alvarado 

0.08 

0.09 

27 

29 

10A-81 

Maypearl 

0.05 

0.03e 

50 

47 

10A-82 

Keene 

- 

0.13 

- 

- 

10A-83 

Grandview 

0.20 

0 . 08e 

23 

28 

10A-84 

Italy 

- 

0.09e 

- 

- 

10A-85 

Avalon  W.S.&  S.  Corp.  (Italy) 

- 

- 

- 

- 

10A-86 

Milford 

0.12 

0.05e 

- 

- 

10A-97 

Corsicana (4) 

2.77 

2.62 

- 

- 

10A-99 

Forreston 

1970 

0.03 

- 

- 

- 

10B-89 

Waxahachie 

1951  1961 

0.96 

0.95 

65 

30 

10B-90 

Wayside  Mobile  Home  Park  (Waxahachie) 

- 

- 

- 

- 

10B-344 

CUMMINS 

Bar dwell 

Subtotal 

CREEK  - WAT F? SHED  11 

1970 

1 .44 

1.29c 

11A-94 
SAB  INF. 

F.nnis  (Oak  Grove) 
RIVER  - WATERSHED  12 

1961 

0.60 

0.75 

20. 

5 43 

12A-10 

Fate 

- 

- 

- 

- 

12A-18 

Royse  City 

1970 

0.26 

“ 

■ 

■* 

12A-301 

Josephine 

Subtotal 

1969 

0.10 

0.36 

- 

- 

~ 

Notes : 

(1)  Based  on  the  questionnaires  for  major 

Wastewater  Treatment 

Plants , 

Appendix 

B,  data 

from  TSDi 

and  on  "An  Inventory  of  Water  Related 

Systems  and  Facilities,"  prepared  for 

NCTCOG , 

April,  1< 

Being  phased  out 


.aider  construction 


Outside  study  area 
Under  construction 


Under  construction 


New  plant  under 
construction 


(2)  Or  adjacent  year. 

(3)  e - estimated. 

(4)  Data  for  Corsicana  represents  the  total  of  both  existing  plants.  Corsicana  is  outside  the  study  area,  and 
its  data  are  not  Included  in  the  watershed  subtotals. 
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The  trunk  sewers  shown  on  Fig.  IV  -1  ami  IV-2  are  designated  by  means  of  trunk  sewer 
numbers  shown  within  ellipses.  These  numbers  are  keyed  to  the  tabulation  in 
Appendix  D and  the  numerical  order  of  sewer  reaches  indicated  in  the  tabulation 
proceeds  upstream  from  the  downstream  end  of  the  sewer.  Trunk  sewer  data  shown  in 
the  Appendix  include  slope,  size  and  estimated  flowing  full  capacity.  Plans  for  the 
major  existing  trunks  were  utilized  to  provide  the  data  shown,  and  no  field  surveys 
were  conducted  specifically  for  this  report. 

As  indicated  in  Appendix  D,  the  major  trunk  sewers  listed  range  in  size  up  to  96-in  in 
diameter  for  gravity  lines  and  have  a total  length  of  about  335  miles. 

EXISTING  MAJOR  TREATMENT  PLANTS 

As  indicated  above,  pertinent  data  for  25  existing  major  sewage  treatment  plants 
within  the  North  Texas  Central  region  are  presented  in  questionnaires  in  Appendix  B. 
and  these  25  plus  an  additional  six  plants  are  described  briefly  below.  Major  plants 
are  considered  to  be  those  which  because  of  their  size,  location,  and  other  factors 
appear  to  have  some  potential  for  carrying  future  sewage  flows  anticipated  in  a 
regional  sewerage  plan.The  remaining  101  plants  in  the  study  area  are  considered  to  be 
either  too  small  or  too  remotely  located  from  other  plants  and  population  centers  to 
have  regional  significance. 

It  is  significant  that  some  of  the  major  plants  discharge  their  effluents  into  nearby 
water  supply  reservoirs.  A comparison  of  the  performance  of  these  plants  with  State 
discharge  permit  requirements,  is  made  in  Chapter  V III. 

Most  of  the  major  plants  have  secondary  treatment  facilities  consisting  either  of  the 
activated  sludge  process  or,  more  commonly,  the  trickling  filter  process.  Sludge 
digestion  and  the  dewatering  of  sludge  on  drying  beds  are  common  practices.  Many 
plants  are  located  in  river  flood  plain  areas  and  experience  operational  difficulties 
during  high  river  stages. 

TRA-TEN  MILE  CREEK  PLANT  (ID-161) 

The  Ten  Mile  Creek  Sewerage  Plant  is  a regional  plant  serving  the  Cities  of  Lancaster. 
Ferris.  DeSolo.  Duncanville  and  Cedar  Hill.  This  treatment  plant  and  its  tributary 
trunk  sewers  are  under  construction  at  the  present  time.  It  will  he  an  activated  sludge 
plant  with  a rated  capacity  of  7.(1  mgd.  Sewage  will  reach  the  plant  by  gravity  where  it 
will  be  pumped  and  then  treated  by  means  of  primary  clarification,  extended 
aeration,  final  clarification,  chlorination,  and  discharge  to  Ten  Mile  Creek,  thence  to 
the  Trinity  River.  Sludge  will  be  thickened,  anaerobically  digested  and  centrifuged. 

DALLAS  PLANTS 

The  City  of  Dallas  operates  three  major  wastewater  treatment  plants;  the  Dallas  Plant. 
White  Rock  Plant,  and  South  Side  Treatment  Plant.  The  South  Side  Plant  is  located 
some  distance  downstream  and  on  the  opposite  side  of  the  Trinity  River  from  the 
Dallas  and  hite  Rock  Plants.  The  Dallas  and  White  Rock  Plants  are  located  on  the 
same  site,  with  a total  rated  capacity  of  90  mgd  at  the  present  time.  Both  of  these 
plants  experience  difficulties  during  periods  of  high  river  stage,  resulting  in  the 
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overflowing  of  some  sewage  directly  into  the  Trinity  River  and  the  occasional 
inundation  of  sludge  lagoons.  Effluent  chlorination  is  not  practiced  at  either  the 
Dallas  Plant  and  chlorination  facilities  are  being  installed  in  the  White  Rock  Plant. 

South  Side  Plant  (IF-I46).  This  plant  has  a rated  capacity  of  7.0  mgd.  Screened  raw 
sewage  is  fed  into  two  large  lagoons  which  are  arranged  in  series.  These  lagoons  have  a 
total  surface  area  of  about  135  acres  and  the  sewage  is  treated  bv  oxidation  before 
discharge  to  the  Trinity  River.  A conventional  sewage  treatment  plant  is  planned  at 
this  site,  and  a large  site  (approximately  640  acres)  is  available  for  plant  expansion. 

Dallas-  ff  hite  Rock  Plants  (11-175,  11-176).  The  Dallas  Plant  has  a capacity  of  36  mgd, 
and  the  White  Rock  Plant  has  a capacity  of  54  mgd.  Both  plants  provide  screening,  grit 
removal,  primary  sedimentation,  biological  treatment  with  trickling  filters,  final 
sedimentation,  and  separate  anaerobic  digestion  of  sludge.  Effluents  are  discharged  to 
the  main  stem  of  the  Trinity  River. 

Digested  sludge  is  discharged  to  sludge  lagoons  or  “tertiary  digesters."  The  Dallas 
Plant  differs  from  the  White  Rock  Plant  by  utilizing  Imhoff  tanks  and  single-stage, 
low-rate  trickling  filters.  The  White  Rock  Plant  has  no  Imhoff  tanks  and  utilizes  two- 
stage.  high-rate  trickling  filters.  The  Imhoff  tanks  at  the  Dallas  Plant  are  now  being 
converted  to  plain  sedimentation  tanks,  and  planning  is  now  under  way  to  increase  the 
capacitv  of  the  combined  Dallas  and  Vi  hite  Rock  Plants  from  90  mgd  to  125  mgd. 

The  City  of  Dallas  is  operating  a water  reclamation  research  demonstration  plant  for 
studying  improved  methods  of  wastewater  treatment  and  for  conducting  research  in 
demonstration  projects  for  wastewater  reclamation  and  polishing  processes.  The 
demonstration  plant,  known  as  the  Dallas  Water  Reclamation  Research  Center,  was 
completed  in  1969  under  a grant  from  the  Federal  Water  Pollution  Control 
Adminstration,  (now  the  FWQA)  and  it  has  a capacity  of  about  1 mgd.  Research  into 
chemical  precipitation  for  nutrient  removal  is  being  carried  out  at  this  plant  under  a 
research  grant  from  the  FWQA. 

RICHARDSON  PLANT  (1H-66) 

The  Richardson-Floyd  Branch  Treatment  Plant  has  a rated  capacity  of  1.54  mgd  and  is 
a trickling  filter  type  plant.  Raw  sewage  reaches  the  plant  In  gravitv  where  it  is 
screened  and  lifted  into  elarigesters  for  sedimentation  and  digestion,  trickling  filters 
ami  final  clarifiers.  Continuous  chlorination  is  practiced  using  the  final  clarifier  as  a 
chlorine  contact  chamber.  Effluent  is  discharged  into  Floyd  Branch  and  thence  into 
Vi  hite  Hock  Creek.  Digested  sludge  is  dewatered  on  sludge  drying  beds.  Research  into 
reuse  of  the  treated  effluent  is  being  carried  out  at  this  plant  under  the  auspices  of  the 

FWQA. 

ATHENS  PLANTS 

The  City  of  Athens  is  served  by  two  plants  known  as  the  North  Side  and  the  West  Side 
Treatment  Plants.  Together  these  plants  have  a combined  capacity  of  1.46  mgd.  No 
chlorination  of  the  effluents  is  provided  at  these  plants. 

!\nrth  Side  Plant  (21-204).  The  Athens-North  Treatment  Plant  has  a rated  capacity  of 
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0.71  mgd  and  is  a trickling  filter  type  plant.  Flow  enters  the  plant  by  gravity  where  it  is 
lifted,  screened,  and  passed  through  an  Imhoff  tank  and  a trickling  filter  before  being 
discharged  to  an  oxidation  pond  and  thence  into  One  Mile  Creek. 

1 Vest  Side  Plant  (2.4-205).  The  Athens- West  Treatment  Plant  has  a rated  capacity  of 
0.75  mgd  and  is  also  a trickling  filter  type  plant.  The  plant  process  is  essentially  the 
same  as  that  for  the  Athens-North  Plant  except  that  instead  of  an  Imhoff  tank,  more 
modern  clarigester  type  units  are  utilized.  Sludge  is  disposed  of  on  sludge  drying  beds. 
Unchlorinated  effluent  is  discharged  into  Walnut  Creek  and  thence  into  Cedar  Creek. 

TERRELL  PLANTS 

The  City  of  Terrell  is  served  by  two  treatment  plants  known  as  the  Kings  Creek  Plant 
and  the  Bachelor  Creek  Plants.  These  plants  together  have  a combined  capacity  of  1.36 
mgd,  and  no  effluent  chlorination  is  practiced  at  either  plant. 

The  City  of  Terrell  is  currently  planning  the  construction  of  a new  sewage  treatment 
plant  downstream  on  Kings  Creek.  It  is  expected  that  this  construction  will  be 
advertised  in  early  summer  of  1970.  The  new  plant  will  have  a capacity  of  3.0  mgd  and 
he  a two-stage  trickling  filter  type  plant  capable  of  ultimate  expansion  to  about  18 
mgd.  The  existing  Kings  Creek  Treatment  Plant  will  not  he  abandoned  completely  but 
will  be  utilized  to  pretreat  industrial  wastewaters  before  they  are  sent  to  the  new  plant. 

Kings  Creek  Plant  (2C-192).  The  Terrell-Kings  Creek  Treatment  Plant  is  a trickling 
filter  type  plant  with  a rated  capacity  of  about  1.0  mgd.  It  consists  of  a primary 
clarifer,  trickling  filter,  and  final  clarifier.  Present  sewage  flow  is  about  2.1  mgd. 
Sludge  is  digested  anaerobically  and  dried  on  beds.  The  unchlorinated  effluent  is 
discharged  into  Kings  Creek  hence  to  Cedar  Creek  Reservoir. 

Bachelor  Creek  Plant  (2C-193).  The  Terrell-Bachelor  Creek  Treatment  Plant  is  an 
extended  aeration  type  plant  with  a rated  capacity  of  0.4  mgd.  This  plant  consists  of  a 
single  unit  which  includes  facilities  for  screening,  clarification,  aeration,  aerobic 
digestion  and  sludge  reaeration.  Aerobically  digested  sludge  is  withdrawn  to  sludge 
drying  beds  and  the  unchlorinated  effluent  is  discharged  into  Bachelor  Creek  and 
thence  to  Kings  Creek. 

KAUFMAN  PLANT  (2C-196) 

The  Kaufman  Treatment  Plant  is  a trickling  filter  type  plant  with  a rated  capacity  of 
0.64  mgd.  Raw  sewage  is  pumped  up  into  clarigesters  and  then  is  passed  through  a 
trickling  filter  and  to  a final  clarifier  before  discharge  into  Kings  Creek  without 
chlorination.  Digested  sludge  is  dried  on  sludge  drying  beds. 

ROCKWALL  PLANT  (3B-16) 

The  Rockwall  Treatment  Plant  presently  is  a clarigester  plant  providing  primary 
treatment  only  with  a rated  capacity  of  about  0.16  mgd.  Plant  expansion  is  expected 
within  the  next  two  vears  to  a capacity  of  0.6  mgd.  The  expanded  plant  will  be  an 
extended  aeration  type  plant  utilizing  primary  clarification,  an  oxidation  ditch,  final 
clarification  and  chlorine  contact.  Effluent  from  the  plant  is  discharged  into  Squabble 
Creek  and  thence  into  Lake  Ray  Hubbard. 


> 1 
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MESQUITE  PLANT  (3C-54) 


I he  Mesquite  Ireatment  Plant  is  a trickling  filter  type  plant  with  a present  rated 
capacity  ot  i.O  mgd.  I he  plant  treatment  units  include  primary  clarifiers,  high  rate 
and  standard-rate  trickling  filters,  primary  and  secondary  digesters  and  final 
< larifiers.  Eltlucnt  is  discharged  to  oxidation  ponds  before  being  discharged  into 
Mesquite  Creek  and  thence  into  the  East  Fork  of  the  Trinity  River.  Final  clarified 
sludge  ma\  he  digested  aerobically  and  dewatered  on  sludge  beds  or  returned  for 
anaerobic  digestion  with  the  primary  sludge  before  sludge  bed  dewatering. 

GARLAND-DUCK  CREEK  PLANT  (3D-23) 

The  Duck  Creek  Treatment  Plant  is  jointly  owned  by  the  Cities  of  Garland  and 
Richardson.  It  is  a trickling  filter  type  plant  with  a rated  capacity  of  10  mgd.  Raw 
sewage  enters  this  plant  by  gravity  where  it  is  lifted  into  primary  clarification  units 
and  passed  through  the  two-stage  high-rate  trickling  filter  process  before  being 
discharged  without  chlorination  into  the  East  Fork  of  the  Trinity  River.  Sludge  is 
digested  anaerobically,  and  dried  on  sludge  drying  beds. 

PLANO  PLANT  (3E-26) 

The  Plano  Treatment  Plant  is  a trickling  filter  type  plant  with  a rated  capacity  of  1.85 
mgd.  In  addition  to  the  City  of  Plano  this  plant  also  serves  the  City  of  Allen  and  two 
mobile  home  parks.  Raw  sewage  enters  the  plant  by  gravity  and  receives  screening, 
primary  clarification,  single-stage  trickling  filtration,  final  clarification  and 
chlorination  before  discharge  into  Rowlett  Creek  hence  to  Lake  Ray  Hubbard.  Sludge 
is  digested  anerobically  and  dewatered  on  sludge  drying  beds. 

GARLAND-ROWLETT  CREEK  PLANT  (3E-40) 

The  Rowlett  Creek  Treatment  Plant  is  a trickling  filter  type  plant  with  a rated 
capacity  of  2.0  mgd.  It  serves  the  part  of  Garland  within  the  Rowlett  Creek  Drainage 
area  and  Spring  Creek  area  and  also  a portion  of  the  City  of  Rowlett.  Current  plans  are 
to  expand  this  plant  to  6.0  mgd.  Sewage  enters  this  plant  by  gravity  where  it  is  screened 
and  grit  is  removed.  From  the  grit  chamber  flow  passes  into  primary  clarifiers,  first 
stage  trickling  filters,  intermediate  clarifier,  second  stage  trickling  filters  and  final 
clarifier  before  being  discharged  without  chlorination  into  Rowlett  Creek  and  thence 
into  Lake  Ray  Hubbard.  Sludge  is  digested  anaerobically  and  dried  on  sludge  drying 
beds. 

McKINNEY-NORTH  PLANT  (3H-3) 

The  McKinney  North  Treatment  Plant  serves  only  the  McKinnev  Job  Corp  Training 
Center.  The  plant  is  a trickling  filter  type  plant  with  a rated  capacity  of  0.5  mgd.  Flow 
enters  this  plant  by  gravity  where  it  is  settled,  filtered  on  a single  stage  trickling  filter 
and  receives  final  sedimentation  before  final  chlorination  and  discharge  into  the  East 
Fork  of  the  Trinity  River.  Sludge  is  digested  anaerobically  and  dewatered  on  sludge 

drying  beds.  , j 
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Mckinney -soi  TH  plant  (3H-24) 


The  McKinney-South  Treatment  Plant  serves  the  City  of  McKinney  and  is  considered 
to  be  overloaded.  It  consists  of  a primary  treatment  plant  followed  by  an  oxidation 
pond  with  a rated  capacity  of  0.5  mgd.  Sludge  is  digested  anaerobically  and  dewatered 
on  sludge  drying  beds.  The  effluent  is  discharged  into  Wilson  Creek  without 
chlorination,  from  which  it  passes  into  Lavon  Reservoir. 

LEWISVILLE  PLANT  (4A-81) 

The  Lewisville  Treatment  Plant  is  a trickling  filter  type  plant  with  an  existing  rated 
capacity  of  0.6  mgd.  Additions  to  this  plant  are  currently  under  construction  which 
will  bring  its  capacity  to  1.76  mgd.  W hen  expansion  is  complete,  sewage  w ill  enter  the 
plant  by  gravity  where  it  will  be  comminuted.  The  flow  will  then  he  pumped  into 
darigester  units,  followed  by  single-stage  trickling  filters  and  a final  clarifier  which 
will  be  utilized  as  achlorine  contact  chamber.  Effluent  will  be  discharged  to  oxidation 
ponds  and  thence  to  Prairie  Creek  and  the  Elm  Fork  of  the  Trinity  River.  Sludge  is 
digested  in  the  darigester  units  and  dewatered  on  sludge  drying  beds. 

A master  plan  on  sewerage  facilities  for  the  City  of  Lewisville  has  recently  been 
completed  by  Henningson.  Durham  and  Richardson.  Consulting  Engineers.  This 
master  plan  envisions  further  enlargement  of  the  Prairie  Creek  plant  and  the 
construction  of  a regional  plant  on  Timber  Creek  near  the  Dallas-Denton  County 
line  which  would  serve  the  Timber  Creek  area  of  Lewisville,  as  well  as  the  Cities  of 
Flower  Mound  and  Highland  Village.  The  Prairie  Creek  Plant  is  expected  to  he 
expanded  to  between  2.8  and  4.0  mgd  by  1975. 

TRA  CENTRAL  PLANT  (4.4-166) 

The  IRA  Central  Sewage  Plant  is  a regional  facility  serving  the  Cities  of  Irving, 
Coppell.  Addison,  Farmers  Branch,  Carrollton,  Grand  Prairie  and  Dallas.  The  plant  is 
a trickling  filter  type  plant  with  a rated  capacity  of  30  mgd.  Sewage  flow  enters  this 
plant  by  grav  ity  where  it  is  screened  and  grit  is  removed.  The  sewage  is  then  lifted  into 
primary  clarifiers,  two-stage  trickling  filters  chlorinated  and  discharged  to  oxidation 
ponds  before  discharge  to  the  ^ est  Fork  of  the  Trinity  River.  Sludge  is  thickened  and 
digested  anaerobically  before  dewatering  on  sludge  drying  beds. 

GRAPEVINE  PLANT  (4B-156) 

The  Grapevine  Treatment  Plant  has  a rated  capacity  of  0.24  mgd  and  is  a trickling 
filter  type  plant.  It  serves  most  of  the  Citv  including  that  portion  to  the  north  and  an 
expansion  of  this  plant  is  currentlv  being  planned.  Effluent  is  discharged  into 
Morehead  Branch  thence  into  Grapevine  Reservoir. 

A new  treatment  plant  is  now  being  constructed  i’i  the  portion  of  Grapevine  lying  in 
the  Big  Bear  Creek  Watershed  (5A-24).  This  plant  would  have  a capacitv  of  0.20  mgd 
and  is  not  considered  to  be  a major  plant. 

GAINESVILLE  PLANT  (4C.-55) 

I he  Gainesville  1 reatment  Plant  consists  of  a primarv  treatment  plant  followed  bv 
oxidation  ponds  and  has  a capacity  of  1.5  mgd.  Effluent  is  discharged  direetlv  to  the 
Elm  Fork  of  the  Trinity  River. 
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DENTON  PLANT  (4C-71) 


At  th<‘  present  time  Denton  is  served  by  an  activated  sludge  plant  and  an  old  lmhoff 
plant.  The  present  rated  capacity  of  the  activated  sludge  plant  is  2.0  mgd.  whereas  the 
1968  average  flow  was  2.6  mgd.  This  plant  is  now  being  expanded  to  a capacity  of  6.0 
mgd.  The  lmhoff  plant  is  expected  to  he  phased  out  in  1971  when  the  new  plant 
expansion  is  complete.  The  expanded  plant  employs  single-stage  aeration,  and  final 
chlorinated  effluent  is  discharged  into  Pecan  Creek  thence  to  Garza-Little  Elm 
Reservoir.  Sludge  is  digested  anaerobically  and  will  he  conditioned  for  dewatering  on 
drying  beds  by  the  wet  air  oxidation  (Zimpro)  process. 

ARLINGTON  PLANT  (5E-195) 

The  Arlington  Treatment  Plant  employs  the  trickling  filter  process  for  providing 
secondary  treatment.  Settled  sludge  is  vacuum  filtered  and  buried.  Its  rated  capacity  is 
2.9  mgd  while  the  average  1968  flow  coming  into  this  plant  was  5.4  mgd.  Thus  this  plant 
is  considerably  overloaded,  and  untreated  sewage  is  bypassed  to  Johnson  Creek  and 
thence  to  the  Trinitv  River.  Plans  have  been  completed  for  a plant  expansion  to  6.5 
mgd.  The  expanded  plant  will  use  high-rate  trickling  filters  and  will  also  have  a large 
aerated  holding  pond  to  retain  flows  in  excess  of  plant  capacity. 

El  LESS  PLANTS 

The  City  of  Euless  is  served  bv  two  treatment  plants;  the  Vi  est  and  the  East  Plants. 
Roth  plants  are  located  along  the  West  Fork  of  the  Trinity  River.  Together  these 
plants  have  a capacity  of  about  1.0  mgd.  The  City  of  Euless  plans  to  discontinue 
operation  of  both  treatment  plants  in  the  future  when  connections  can  he  made  to  the 
TRA  West  Fork  Interceptor  System. 

Euless-West  Plant  (5F-184).  The  Euless  West  Treatment  Plant  is  a primary  treatment 
type  plant  followed  bv  stabilization  for  secondary  treatment,  with  a rated  capacity  of 
0.5  mgd.  This  plant  is  reported  to  be  badly  overloaded. 

Euless-East  Plant  (5F-188).  The  Euless-East  Treatment  Plant  is  similar  to  the  Euless- 
West  Treatment  Plant  and  also  has  a capacity  of  0.5  mgd.  This  plant  like  the  ^ est 
Plant  utilized  anaerobic  digestion  of  sludge  and  dewatering  on  sludge  drying  beds. 

FORT  WORTH  PLANTS 

The  City  of  Fort  Viorth  is  now  served  by  two  major  wastewater  treatment  plants:  the 
Riverside  Plant  and  the  Village  Creek  Plant.  These  plants  also  serve  all  or  part  of  IT 
suburban  communities  in  the  metropolitan  area.  Roth  of  these  plants  receive  sewage 
from  the  same  trunk  sewer  system  and  are  located  to  the  east  of  the  City  with  the 
Village  Creek  Plant  10  miles  downstream  from  the  Riverside  Plant.  The  combined 
capacity  of  the  two  plants  is  presently  rated  at  60  mgd,  and  average  daily  flow  is  now 
about  53  mgd.  Effluent  chlorination  is  not  practiced  at  either  plant,  but  the  T'K  QR 
has  ordered  that  chlorination  be  provided  at  the  Riverside  Plant  by  July  1970. 

1 illoge  Creek  Plant  (5G-180).  The  Village  Creek  Plant  is  the  newer  of  the  two  Fort 
Worth  plants  and  is  located  further  away  from  residential  areas  than  the  Riverside 
Plant.  It  uses  the  activated  sludge  process,  and  its  present  rated  capacity  is  30  mgd. 
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Plans  have  been  completed  for  expanding  this  plant  up  to  a capacity  of  45  mgd,  and 
chlorination  of  the  plant  effluent  is  planned  in  compliance  with  TW  QB  requirements, 
f urther  expansion  of  the  plant  is  being  planned. 


Sewage  flows  reach  the  plant  by  gravity  where  they  are  measured  and  screened. 
Following  screening  the  flow  is  subjected  to  grit  removal,  sedimentation,  aeration,  and 
final  sedimentation.  Sludge  is  thickened  and  digested  anaerobically,  and  the  digested 
sludge  is  pumped  to  lagoons.  A 200  acre  area  containing  drying  beds  is  presently  being 
completed.  The  treated  effluent  is  discharged  into  the  West  Fork  of  the  Trinity  River. 


The  primary  treatment  units  receive  flow  by  gravity.  Primary  effluent  is  pumped  to 
the  secondary  units,  which  are  approximately  15  ft  above  the  primary  facilities.  This 
permits  a minimum  of  primary  treatment  in  the  event  of  a power  failure.  During 
storm  periods,  primary  effluent  in  excess  of  secondary  treatment  capacity  maybe 
overflowed  to  the  river  until  the  river  level  is  approximately  8 feet  above  normal  stage. 
Above  this  river  level,  the  plant  capacity  is  limited  by  secondary  treatment  capacity. 


Rwerside  Plant  (5M-101).The  Riverside  Plant  is  an  old  plant  with  some  of  the  units 
having  been  built  in  the  1920  s and  with  a number  of  additions  having  been  made  since 
that  time.  The  plant  has  a rated  capacity  of  30  mgd.  and  plans  are  currently  under  wav 
to  phase  out  this  plant  when  the  planned  expansion  of  the  \ illage  Creek  Plant  to  a 
capacity  of  75  mgd  or  more  is  accomplished.  Considerable  development  has  taken 
place  and  more  is  expected  to  take  place  in  the  areas  around  the  plant.  The  plant  has 
been  overloaded  at  times,  and  odors  and  flies  have  caused  numerous  complaints.  At 
present,  flows  above  those  it  is  desired  to  treat  at  the  Riverside  Plant  are  transmitted 
downstream  to  the  Village  Creek  Plant  with  most  of  the  flow  going  to  the  Village  Creek 
Plant  during  dry  weather  periods. 

The  sewage  enters  this  plant  by  gravity,  where  it  is  screened  and  grit  is  collected. 
Sewage  is  then  pumped  to  primary  clarifiers  for  sedimentation,  to  standard  rate 
trickling  filters  for  biological  treatment  and  then  to  final  sedimentation.  Effluent  is 
discharged  to  the  West  Fork  of  the  Trinity  River.  Sludge  is  pumped  to  anaerobic 
digesters  and  the  digested  sludge  is  drawn  off  periodically  to  lagoons  where  it  is 
allowed  to  dry.  High  river  levels  prevent  the  discharge  of  fully  treated  effluent  to  the 
river. 

HAI.TOM  CITY  PLANT  (5J-107) 


The  Haltom  City  Plant  is  a trickling  filter  type  plant  with  a rated  capacity  of  1.2  mgd. 
Flows  reaching  the  plant  have  been  reduced  from  1.6  mgd  in  1967  to  0.5  mgd  in  1969 
because  some  flow  has  been  diverted  into  the  Fort  Worth-Village  Creek  Plant. 
Effluent  is  discharged  into  Little  Fossil  Creek  thence  to  the  West  Fork  of  the  Trinity 
River. 

W EATHERFORD  PLANT (5Q-73) 

The  Weatherford  Treatment  Plant  is  an  activated  sludge  type  plant  with  a rated 
capacity  of  about  1.0  mgd.  The  plant  consists  of  a coniminutor.  screen,  primary 
clarifier,  aeration  tank,  final  clarifier  and  chlorine  contact  tank.  The  effluent  is 
discharged  into  the  watershed  of  the  Clear  Fork  of  the  Trinity  River. 
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CLEBURNE  PLANT  (8A-2) 


The  Cleburne  Treatment  Plant  is  a trickling  filter  type  plant  with  a rated  capacity  of 
2.4  mgd.  The  plant  consists  of  screening,  grit  removal,  and  Imhoff  tank  for  settling  and 
digestion,  trickling  filter  and  oxidation  ponds.  Effluent  from  this  plant  is  discharged 
into  Buffalo  Creek  in  the  Brazos  River  Watershed. 

WAXAHACHIE  PLANT  (10B-89) 

The  Vi  axahachie  Treatment  Plant  is  a trickling  filter  type  plant  with  a rated  capacity 
of  0.96  mgd.  Sewage  enters  this  plant  by  gravity  where  it  is  screened  and  comminuted. 
Sewage  then  passes  through  a primary  clarifier  and  a single-stage  trickling  filter  and  a 
secondary  clarifier  before  being  chlorinated  and  discharged  into  Mustang  Creek 
thence  to  Bardwell  Reservoir.  Sludge  is  digested  anaerobically  in  a two-stage  digester 
system  and  is  dewatered  on  sludge  dry  ing  beds. 

ENNIS  PLANT  (11A-94) 

The  Ennis  Treatment  Plant  is  a trickling  filter  type  plant  with  a rated  capacity  of  0.6 
mgd.  Sewage  enters  this  plant  by  gravity  where  it  comminuted  and  pumped  up  into 
the  clarigester.  From  the  clarigester  flow  passes  to  a single-stage  trickling  filter  and 
then  to  oxidation  ponds  followed  by  chlorination  before  discharge  into  Cummins 
Creek  thence  to  Chambers  Creek.  Sludge  is  digested  in  the  clarigester  and  dewatered 
on  sludge  drying  beds.  The  Texas  State  Department  of  Health  has  been  conducting  a 
study  of  the  operation  of  this  plant. 

SEPTIC  TANK  SYSTEMS 


GENERAL 


Although  over  80  percent  of  the  existing  population  in  the  study  area  is  presently 
served  by  sewers,  about  90  percent  of  the  study  area  is  presently  unserved  by 
municipal  sewerage  systems,  as  indicated  on  Fig.  IV-1  and  IV-2.  The  predominance  of 
the  unsewered  portion  of  the  study  area  over  the  sewered  portion  is  expected  to 
continue  through  the  year  2020.  It  is  clear,  therefore,  that  a comprehensive  sewerage 
study  of  the  NCTCOG  area  and  contiguous  areas  within  the  Upper  Trinity  River  Basin 
must  take  cognizance  of  the  existence  of  individual  sewage  disposal  systems,  such  as 
septic  tanks  and  drain  fields,  in  unsewered  areas.  These  systems  are  commonly  utilized 
in  such  areas  to  prevent  diseases  and  nuisances  arising  from  the  inadequate  disposal  of 
sanitary  sewage. 


Septic  tank  systems  have  grown  into  widespread  use  since  their  introduction  into  the 
I niled  States  almost  100  years  ago.  Their  use  has  brought  the  advantages  of  modern 
plumbing  to  isolated  rural  areas,  as  well  as  the  increasing  problems  associated  with 
them  in  more  densely  populated  areas.  Vi  hen  site  conditions  are  suitable,  a well 
designed,  constructed  and  operated  septic  tank  and  drain  field  is  the  most  feasible 
method  ol  sewage  treatment  and  disposal  for  the  individual  household  which  cannot 
he  connected  to  a municipal  sewerage  system.  Newer  methods  of  treatment  and 
disposal  for  individual  households  such  as  chemical  toilets,  small  package-tvpe 
treatment  units  and  incinerators  have  been  developed  but  have  not  come  into 
common  usage. 
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Septic  tank  systems  have  remained  basically  unchanged  during  their  100  years  of  use. 
In  essence  they  pro\ide  for  the  collection  of  waterborne  household  wastes  in  a buried 
vault  where  scum,  grease,  and  settleable  solids  are  removed  from  the  liquid  bv  gravity 
separation.  The  retained  solids  are  digested  by  bacterial  action  and  partially  liquefied, 
and  the  effluent  liquid  drains  into  a subsurface  drain  field  where  it  percolates  into  the 
soil. 

Satisfactory  operation  of  a septic  tank  system  depends  on  the  character  and  extent  of 
the  soil  mantle,  the  depth  to  the  groundwater  table,  size  and  slope  of  the  lot.  the  rate 
of  hydraulic  loading,  the  strength  and  chemical  characteristics  of  the  waste,  its 
location  in  relation  to  streams,  wells  and  structures,  and  the  extent  of  periodic 
maintenance.  Frequently,  one  or  more  of  these  parameters  for  satisfactory  operation 
of  an  existing  system  are  not  met,  resulting  in  unsatisfactory  operation  and  danger  to 
public  health  and  safety. 

A survey  has  been  conducted  to  determine  the  location  of  existing  septic  tank  system 
concentrations  in  the  study  area  as  discussed  below.  In  addition,  generalized  soil  data 
have  been  obtained.  Both  the  concentrations  and  soil  data  are  presented  on  Fig.  IV-3 
appended  to  this  volume,  to  provide  a general  basis  on  which  the  efficacy  of  septic 
tank  systems  in  various  areas  may  be  judged. 

SEPTIC  TANK  SURVEY 

Asa  part  of  the  survey,  questionnaires  and  maps  were  prepared  and  sent  to  all  County 
Judges.  County  Health  Officers,  City  Managers,  City  Administrators,  and  City 
Secretaries  in  the  lipper  Trinity  River  Basin.  Additional  information  utilized  in  this 
survey  was  obtained  from  U.S.  Army  Corps  of  Engineers,  Water  Supply  Corporations, 
Water  Districts,  lake  custodians,  and  field  observations. 

Locations  of  septic  tank  concentrations  such  as  mobile  home  areas,  and  residential 
developments  outside  of  sewered  areas,  especially  those  situated  near  reservoirs,  were 
considered  to  be  significant  areas  for  investigation  as  a part  of  this  study.  Rural,  and 
otherwise  widely  spaced  individual  septic  tank  systems,  were  disregarded  in  this 
survey.  Areas  in  which  significant  numbers  of  septic  tanks  are  known  to  be  located  are 
shown  on  Fig.  IV  -3. 

The  septic  tank  operational  experience  related  by  the  local  officials,  indicates  that  at 
least  78  percent  of  all  the  septic  tank  areas  are  experiencing  poor  results,  with  some 
reporting  a definite  health  and  sanitation  hazard  due  to  the  surfacing  of  untreated 
sewage.  The  general  trend  of  the  replies  received  would  indicate  that  in  most  areas  the 
soil  lacks  absorptive  properties,  and  is  unsuitable  fora  drain  field.  This  is  particularly 
true  during  wet  weather  periods. 

Some  of  the  counties  in  the  study  area  have  a very  low  population  density,  and  rural 
communities  served  by  septic  tank  systems  in  some  cases  are  losing  population  to  the 
urban  areas.  Those  counties  which  appear  to  have  increasing  populations  served  by 
septic'  tank  systems  are  discussed  as  follows: 

Collin  County.  The  principal  areas  of  septic  tank  concentration  in  Collin  County  arc- 
located  around  the  I.avon  Reservoir.  There  are  estimated  to  he  about  460  septic  tank 
installations  around  the  lake  located  in  18  development  areas.  The  lake-  management 
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is  presently  in  the  process  of  acquiring  land  in  order  to  raise  the  normal  water  level  of 
the  lake  about  20  feet.  It  is  expected  that  this  increase  in  water  level  will  inundate 
about  100  septic  tank  systems  and  the  residential  areas  they  serve.  This  is  expected  to 
cause  these  developments  to  move  to  higher  ground,  but  is  not  expected  to  materially 
change  the  number  of  residents  rely  ing  on  septic  tanks  lor  sewage  disposal. 

Raising  of  the  normal  lake  level  would  appear  to  be  a convenient  timt  to  institute  a 
septic  tank  licensing  and  surveillance  procedure  in  the  area  surrounding  Lake  Lavon. 
This  same  procedure  could  apply  also  to  the  area  around  Forney  Reservoir  (Lake  Ray 
Hubbard)  which  has  its  upper  reaches  in  Collin  County. 

No  reports  were  available  concerning  percolation  tests  or  other  investigations  to 
determine  the  suitability  of  the  soil  for  septic  tank  systems.  Soil  data  however,  would 
indicate  that  the  soil  from  the  ground  surface  to  a depth  of  about  two  feet  is  a heavy 
clay.  While  the  soils  maps  are  generalized  and  do  not  give  definite  data  for  a small 
area,  the  indication  of  a tight  clay  does  warrant  concern  regarding  proper  operation  of 
septic  tank  systems  in  the  area  and  the  desirability  of  installing  new  septic  tank 
systems. 

Dallas  County.  Complete  records  of  septic  tanks  in  Dallas  County  were  not  available. 
However  the  Dallas  County  Health  Department  indicated  that  septic  tanks  are  not 
functional  in  land  areas  of  concentrated  usage  such  as  mobile  home  parks. 

The  County  does  not  have  records  of  FHA  homes  that  have  been  built  with  septic  tank 
systems  or  on  small  communities  surrounding  the  City  of  Dallas.  Some  of  these 
communities  have  requested  the  Dallas  County  Health  Department  to  inspect  new 
septic  tank  systems  being  installed.  In  such  cases  the  County  does  keep  records,  and  it 
was  from  these  records  that  concentrations  of  septic  tanks  were  found  to  exist  in  the 
Cities  of  Duncanville.  DeSoto,  Irving,  and  Lancaster.  Additional  information  obtained 
by  contacting  these  communities  indiv  idually  is  summarized  below. 

The  Cits  of  Duncanville  now  requires  an  application  and  permit  for  all  septic  tanks, 
and  percolation  tests  are  required  on  all  FHA  homes.  I he  City  inspects  the 
installation  of  all  septic  tanks,  and  its  specifications  and  requirements  are  similar  to 
those  of  the  FHA.  The  septic  tank  sy  stems  are  mainly  concentrated  in  two  areas:  one  of 
which  is  the  Red  Mird  Addition  and  the  other  is  the  Winnona  Gardens  Addition,  but 
no  information  is  available  as  to  the  number  ol  septic  tanks. 

The  City  of  De  Soto  does  not  require  permits  for  septic  lank  installations,  but  it  is 
reported  that  the  County  Health  Department  inspects  all  tank  and  drain  field 
installations.  A percolation  test  is  required  on  FHA  homes  only.  The  two  principal 
areas  of  septic  tank  concentration  are  the  Shamrock  Park  area,  and  the  western  part  of 
De  Soto. 

I be  City  of  I r\  ing  requires  a permit  for  sept  ic  tank  i list  a Mat  ions,  and  a permi  t will  not 
he  granted  if  it  is  feasible  for  the  applicant  to  connect  to  an  existing  sewer  line. 
Percolation  tests  are  not  required  b\  the  City  except  in  the  case  of  1 11  \ homes.  There 
are  2. .>00  septic  lank'  in  operation  in  the  City  of  Irving,  about  1.701)  of  which  are 
located  in  a recent  I \ annexed  port  ion  of  the  Rear  ( ireek  drainage  area.  Plans  have  been 
completed  for  a trunk  sewer  extending  through  this  portion  of  Rear  (.reek  drainage 
area,  w Inch  will  make  possible  t he  el  iminat  ion  of  these  1.700  sept  ic  tank  sy  stems. 
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The  City  of  Lancaster  requires  a permit  for  the  installation  of  a septic  tank,  and  the 
City  inspects  the  construction.  Specifications  for  septic  tank  construction  in  Lancaster 
are  the  same  as  Dallas  County  specifications.  The  “Ten  Mile  Creek  Sewerage  System”  is 
now  being  constructed  in  the  area  by  the  Trinity  River  Authority,  and  the  City  of 
Lancaster  plans  to  extend  lines  to  the  residents  now  using  septic  tanks  when  the  Ten 
Mile  Creek  system  becomes  operational. 

Denton  County.  The  earlier  developments  using  septic  tanks  in  Denton  Cumin  are 
located  in  the  area  around  Garza-Little  Film  Reservoir  and  include  some  small  towns 
and  communities  as  indicated  on  Fig.  IV-3,  appended.  Within  the  last  few  years  a 
number  of  mobile  home  and  trailer  park  type  of  developments  have  been  installed  in 
the  suburbs  or  rural  areas  around  Denton.  This  appears  to  be  a trend,  and  should  be 
viewed  with  some  concern,  because  most  of  these  areas  are  being  served  by  septic 
tanks.  Continued  growth  of  this  type  of  development  is  expected.  Some  of  these 
developments  have  applied  to  the  TWQB  for  a treatment  plant  discharge  permit,  but 
the  majority  apparently  intend  to  use  septic  tanks  for  their  method  of  treatment. 

There  are  no  reports  of  serious  pollution  due  to  septic  tanks  at  this  time.  However, 
due  to  the  fact  that  the  Garza-Little  Elm  Reservoir  serves  as  water  supply  for  both 
Dallas  and  Denton,  and  also  recognizing  the  fact  that  mobile  home  park  developments 
are  increasing  in  number,  consideration  should  be  given  to  a uniform  licencing  and 
control  program  for  installation  and  maintenance.  A more  detailed  description  of 
possible  pollution  sources  around  Garza-l.ittle  Elm  Reservoir  was  obtained  from  the 
project  office  of  the  Corps  of  Engineers,  and  this  information  is  listed  as  follows: 

1.  Highland  Village  on  the  southwest  shore  of  the  lake  is  served  by  septic  tanks. 
Vpparent  oxerloading  causes  sewage  to  rise  to  the  ground  surface  in  the  drain  field 
areas  and  flow  into  the  lake.  Highland  \ illage  has  submitted  an  application  for 
construction  and  operation  of  a prefabricated  sewage  treatment  plant  whirl)  would 
discharge  its  effluent  into  the  lake. 

2.  A 50-lot  subdivision  on  the  east  side  of  the  lake  has  received  approval  from  the 
Texas  Water  Quality  Board  to  install  a secondary  sewage  treatment  plant  and 
discharge  effluent  into  the  lake. 

3.  Sewage  from  mobile  homes  in  the  Whipporwill  Trailer  Park  is  treated  in  a one- 
half  acre  oxidation  pond.  Overflow  from  the  pond  discharges  into  Garza-Little  Elm 
Reservoir,  and  overflows  occur  primarily  during  periods  of  wet  weather.  There  is  a 
slight  odor  from  the  pond,  and  some  odor  complaints  have  been  received  from  local 
people.  It  is  reported  that  the  TW  QB  has  instructed  the  operators  of  the  park  to  build 
a larger  oxidation  pond  and  to  chlorinate  the  effluent. 


Henderson  and  Kaufman  Counties.  The  principal  concentration  of  septic  tanks  in 
these  two  counties  is  around  Cedar  Creek  Lake.  This  lake  is  owned  and  controlled  by 
the  Tarrant  County  Water  Control  and  Improvement  District  No.  I and  will  supply 
water  to  Fort  Worth  and  Tarrant  (xninty.  Other  data  concerning  septic  tank 
installation  and  operation  around  the  lake  was  obtained  from  Water  District 
personnel  and  is  discussed  below. 

The  Water  District  owns  the  land  around  the  periphery  of  the  lake  to  the  contour  line 
three  feel  above  normal  lake  operating  level.  No  construction  is  permitted  in  this 
zone.  Bevond  this  zone,  the  land  is  privatelv  owned,  and  there  is  considerable 
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development  for  both  recreational  and  permanent  dwelling  around  the  lake.  At  the 
present  time,  most  of  the  sewage  is  handled  by  means  of  septic  lank  systems. 

There  is  no  ordinance  or  control  for  septic  lank  construction  and  operation  on 
privately  owned  land.  However,  as  of  August  1969.  no  serious  health  hazards  were 
known.  The  Water  District  maintains  an  office  in  the  area  with  a full  time  sanitarian 
who  frecpienllv  checks  on  health  and  sanitary  conditions  around  the  lake.  Individuals 
reportedlv  contact  the  Water  District  office  regarding  septic  tank  construction  and  are 
furnished  copies  of  the  State  Health  Department  Standards  for  septic  tank 
construction  and  operation.  Counsel  on  local  soil  conditions  is  also  offered  by  the 
District. 

The  soil  on  the  east  side  of  the  lake  is  generally  sandy  , and  absorptive,  and  suitable  for 
drain  fields,  while  the  soil  on  the  west  side  of  the  lake  is  predominantly  clay.  Problems 
of  lake  pollution  from  septic  tank  systems  reportedly  have  been  very  few.  However. 
District  officials  indicate  there  have  been  a few  cases  where  effluent  from  drain  fields 
has  been  observed  to  rise  to  the  ground  surface  and  flow  toward  the  lake.  The 
District's  procedure  in  such  cases  has  been  to  contact  the  property  owner  for 
immediate  corrective  action.  It  is  reported  that  the  property  owners  have  been  very 
cooperative  and  have  taken  the  necessary  corrective  steps  to  avoid  further  pollution.  \ 
minimum  distance  of  75  feel  from  the  normal  water  surface  shoreline  to  the  nearest 
point  in  a septic  tank  drain  field  is  required  by  the  W ater  District. 

W h i I <*  pollution  problems  from  septic  tank  systems  in  the  area  have  been  minimal,  we 
would  anticipate  that,  as  the  area  continues  to  develop  ami  more  septic  tank  systems 
are  installed,  the  possibility  of  pollution  from  this  source  will  increase.  This  is 
expected  not  only  because  of  increasing  development  but  because  of  the  temporary 
nature  and  the  relatively  short  life  of  most  septic  tank  systems.  The  absorptive 
capacity  of  most  drain  fields  tends  to  reduce  with  age  until  the  fields  finally  fail  due  to 
"plugging  up"’  of  the  soil  interstices. 

Parker  County.  The  principal  area  of  septic  tanks  in  Parker  County  is  along  the  shores 
of  Lake  Weatherford  which  is  a source  of  water  supply  for  the  City  of  Weatherford. 
The  lake  shore  lots  are  generallv  limited  in  size  and  there  is  little  space  for  properlv 
sized  drain  fields.  No  serious  problems  have  been  reported  possihlv  because  these 
tanks  are  located  in  an  area  of  weekend  cottages  and  generally  are  not  occupied  on  a 
continuous  or  permanent  basis.  The  City  of  W eatherford  has  some  septic  tank  svstems 
which  reportedly  give  trouble.  However,  the  city  has  a sewerage  system,  and  septic 
tanks  may  he  eliminated  in  the  future.  Other  septic  tank  areas  in  the  County  are 
scattered. 

Rockwall  County.  Septic  tank  concentrations  in  Hockwall  County  are  located  mainly 
in  the  area  around  Forney  Reservoir  (I.akc  Ray  Hubbard),  as  shown  on  Fig.  IY-3, 
appended.  Forney  Reservoir  occupies  a large  part  of  Rockwall  County  and  also  is 
located  in  portions  of  Collin,  Dallas  and  Kaufman  Counties.  Population  is  expected  to 
increase  considerably  around  this  reservoir. 

The  City  of  Dallas  Water  Department  operates  Lake  Ray  Hubbard  and  is  concerned 
particularly  with  possible  pollution  from  anticipated  growth  on  the  east  side  of  the 
lake  because  of  subsurface  rock  conditions.  No  serious  pollution  problem  has  yet  been 
reported. 
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Septic  lank  systems  and  or  prefabricated  sewage  treatment  plants  are  considered 
temporary  with  ultimate  development  ol  intercepting  sewers  and  treatment  facilities 
preferred  for  all  developing  areas  along  the  lake.  Such  an  ultimate  solution  requires 
cooperation  between  the  Citv  of  Dallas  and  developers  along  the  lake,  and  the 
formation  of  an  advisor)  council  to  control  developers  has  been  recommended  to  the 
< ! i t v . Inasmuch  as  the  Citv  now  has  no  control  of  potential  pollution  of  the  reservoir 
resulting  from  improper!)  operating  septic  tank  or  other  systems.  the  need  for  permit 
and  regulator)  authority  is  evident. 

The  NCTCOG  was  delegated  authority  by  the  TW  (QB  over  septic  tank  systems  around 
Lake  Ray  Hubbard  at  a public  hearing  held  on  June  5,  1970. 

Tarrant  County.  The  Department  of  Public  Health  for  Tarrant  Count)  provided  a 
large  amount  of  information  on  septic  tanks  in  the  stud)  area  and  assisted  in  the 
development  of  this  information.  The  community  of  Crowley  in  the  south  central  part 
of  the  countv  is  partiallv  served  bv  septic  tank  systems.  There  are  scattered  areas  ot 
septic  tank  concentrations  as  indicated  on  tin-  map  in  the  southeast  quadrant  ol  the 
County.  These  areas  are  primarily  along  the  highway  between  Mansfield  and 
Kennedale.  south  of  Arlington,  and  in  the  Rush  Creek  drainage  area  between  Lake 
\rlingtun  and  the  City  ol  Arlington. 


Some  apartment  units  and  some  mobile  home  parks  are  served  bv  septic  tanks  in  the 
southeast  quadrant  of  the  County.  The  County  Department  ol  Public  Health  has  been 
unable  to  regulate  some  rural  developers  in  this  area.  As  a result,  septic  tanks  and 
drainficlds  have  been  installed  in  some  areas  where  the  soil  is  not  suitable.  Also,  the 
Countv  Department  of  Public  Health  has  not  been  able  to  obtain  the  cooperation  ol 
some  developers  in  constructing  septic  tanks  and  drain  fields  in  accordance  with 
standards  established  bv  the  TSDH.  As  a result,  some  of  the  drain  fields  are  a source  ol 
pollution  w itli  sewage  rising  to  the  ground  surface. 

The  northeast  quadrant  of  the  Count)  contains  a number  of  areas  served  bv  septic 
tanks.  Some  of  these  areas  are  mobile  home  parks,  and  it  is  anticipated  that  the 
working  force  required  bv  the  new  airport  construction  will  stimulate  development  ol 
additional  mobile  home  parks  which  will,  in  turn,  necessitate  more  septic  tank 
installations.  Some  septic  tank  areas  exist  around  Eagle  Mountain  and  Lake  Worth  as 
indicated  on  Eig.  IA  appended. 

It  has  been  estimated  that  roughly  .1.5.000  persons  in  I arrant  County  are  using  septic 
tanks  as  a method  of  sewage  disposal.  Personnel  in  the  Count)  Department  ol  Public 
Health  have  been  attempting  to  educate  dev  elopers  and  property  owners  in  acceptable 
septic  tank  and  drain  field  construction  practice.  The  authority  to  enforce 
construction  in  accordance  with  State  Health  Department  Standards  appears  to  be 
limited,  and  a large  part  of  such  construction  is  substandard.  A licensing  and 
surveillance  program  appears  to  be  needed  in  some  areas  of  the  County. 

I Visa  County.  Septic  tank  areas  are  indicated  on  Fig.  IA -3, appended.  Wise  County  at 
this  time  is  rather  sparsely  populated,  and  for  the  most  part,  the  rural  nature  of  the 
septic  tank  areas  and  the  fact  that  they  are  mostly  remote  from  major  streams,  would 
tend  to  make  them  ol  less  concern  than  other  more  densely  populated  areas. 
(Questionnaire  data  indicate  that  some  of  the  septic  tanks  do  not  function  properly. 
The  area  of  greatest  concern  should  probably  be  around  Lake  Bridgeport.  I his  is  a 
water  stipplv  reservoir,  and  then1  has  been  some  indication  of  acceleration  in 
residential  development  around  some  parts  of  the  lake.  Control  ol  septic  tank 
construction  and  operation  around  the  lake  is  needed.  Phis  reservoir  is  owned  and 
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operated  by  the  Tarrant  County  Water  Control  and  Improvement  District  No.  I.  and 
the  Water  District  does  exercise  some  control  o\er  sanitary  conditions  around  the 
lake.  There  are  no  written  regulations  and  criteria  in  effect  regarding  septic  tanks. 
The  W ater  District  uses  the  data  as  published  by  the  TSDII  as  a guide. 

Other  Counties.  As  shown  on  Fig.  IY-3.  appended  , there  are  a number  of  scattered 
septic  tank  concentrations,  none  near  a major  lake  or  reservoir,  in  the  portions  of 
Johnson.  Clay.  Archer,  Young,  Montague,  Grayson,  Fannin,  Hunt,  and  Nan  Zandt 
counties  within  the  study  area.  In  Ellis  County,  the  septic  lank  concentration  closest  to 
Mardwell  Reservoir  is  in  the  town  of  Rardwell.  3 miles  from  the  reservoir,  with  a I9(>7 
estimated  population  of  220.  In  Jack  County,  the  community  of  W izard  Well-,  with  a 
1967  estimated  population  of  69  is  situated  near  an  arm  of  Lake  Bridgeport. 

The  septic  tank  concentrations  discussed  above  are  located  in  generally  rural  area- 
which  are  tending  to  lose  population.  Any  water  quality  effects  from  improperly 
operating  septic  tank  systems  in  such  areas  are  likely  to  he  slight.  Nevertheless, 
because  many  water  supplies  are  fed  by  streams  draining  these  areas,  proper  operation 
of  septic  tank  installations  is  essential. 

PERFORMANCE  OF  SEPTIC  TANK  SYSTEMS 

79  replies  were  received  from  officials  who  were  sent  questionnaires  as  part  ol  the 
septic  tank  survey.  Some  of  the  replies  contained  comments  concerning  operation  ol 
the  septic  tanks  in  their  area,  and  the  replies  are  summarized  as  follows: 

Those  who  made  no  reply  as  to  experience  w ith  septic  tank  operation  24 

Those  reporting  satisfactory  experience  with  septic  tanks  in  their  area  12 

'I  hose  reporting  unsatisfactory  results  from  septic  tank  operation 
in  their  area  43 

The  above  tabulation  indicates  that  71$  percent  of  those  reporting  had  unsatisfactory 
experience  with  septic  tanks,  and  there  were  several  in  this  group  who  reported  health 
hazard  conditions  due  to  malfunction  of  septic  tanks.  Twentv-two  percent  of  those 
relating  their  experience  reported  satisfactory  operation  of  septic  tanks  in  their  area. 
It  was  also  noted  that  some  of  the  replies  indicated  that  poor  results  were  due  to 
improper  installation.  The  results  of  the  survev  would  indicate  that  septic  tanks  in 
concentrated  areas  should  he  discouraged  iu  general  and  prohibited  w here  there  is  am 
other  treatment  method  available. 

SOIL  CONDITIONS 

General.  Soils  within  the  study  area  vary  from  the  sandy  soils  of  the  West  Cross 
Timbers  and  East  Cross  Timbers  to  the  black  waxy  soils  of  the  Grand  Prairie  and 
l$laekland  Prairie  regions  of  Texas.  Also,  a considerable  area  of  shallow  rock  soil  exists 
along  the  ridge  between  Fori  Worth  and  Weatherford  and  along  the  Austin 
escarpment  extending  in  a northeast-southwest  direction  through  parts  of  Ellis  and 
Dallas  Counties.  Alluvial  soils  occur  iu  creek  and  river  valleys,  becoming  more 
extensive  in  the  southeastern  portion  of  the  study  area. 

A large  percentage  of  the  soils,  particularlv  in  the  eastern  half  of  the  study  area,  are 
clav.  This  tv  pe  soil  is  generally  characterized  In  low  permeahilitv  and  slow  percolation 
rates  and  i~  generally  undesirable  for  septic  lank  drain  fields.  AN  hen  other  factors  are 
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»al  id'actory.  relatively  slow  percolation  rates  can  sometimes  he  compensated  for  bv 
increased  area  of  drain  field. 

Soil  Maps.  Generalized  soil  maps  for  each  counts  in  the  studs  area  and  significant 
fringe  areas  were  obtained  from  the  Department  of  Soil  and  ( imp  Sciences.  I e\as  NX  M 
l niversity.  These  maps  were  compiled  by  the  Soil  Conservation  Service  (SCS)  of  the 
l ,S.  Department  of  Ngriculture  and  show  the  dominant  soil  series  and  their 
approximate  extent  as  well  as  descriptions  of  the  various  soil  tvpes.  Soil  Series 
information  from  these  maps  has  been  assembled  and  is  shown  in  Fig.  IY-3  appended. 
Descriptive  information  is  given  in  Appendix  E. 

These  SCS  maps,  while  considered  the  best  available  source  of  information  covering 
the  entire  study  area,  are  useful  mainly  as  a general  indication  of  likely  suitability  or 
unsuitability  for  a particular  area.  NN  bile  dominant  soil  series  are  shown  and  described 
on  the  maps,  smaller  areas  of  other  soils  occur  within  the  delineations  shown.  Since 
these  soil  maps  were  prepared  primarilv  for  agricultural  use*  bv  persons  in  the  field  of 
agricultural  soils  technology,  some  engineering  properties,  important  for  this  study, 
such  as  percolation  rates  at  depths  of  24  inches  and  below,  and  total  depth  to 
impermeable  stratum  or  bedrock,  are  not  given. 

For  anv  particular  location,  more  specific  subsurface  informal  ion  is  required  on  wliicb 
to  base  decisions  on  suitability  for  septic  tank  and  drain  field  installation. 

GOVERNMENT  REGULATIONS 

Regulations  and  recommendations  concerning  septic  tank  practice  have  been  set  forth 
by  the  l .S.  Public  Health  Service,  Texas  State  Department  of  Health  and  Texas  Water 
Quality  Board.  Local  regulations  are  often  nonexistent,  as  discussed  above,  Nmong  the 
places  where  they  are  in  effect,  they  lack  uniformity.  Requirements  have  also  been 
established  by  the  Federal  Housing  Authority  and  the  l niform  Plumbing  Code.  Some 
comparative  septic  tank  system  and  setback  requirements  are  shown  in  Tables  I\  2 
and  l\  -3. 

The  T.S.  Public  Health  Service  (L'SPHS)  has  been  responsible  for  much  of  the 
literature  publisher)  on  the  subject  of  septic  tanks.  It  has  conducted  and  sponsored 
research  in  this  field.  Its  publication.  "Manual  of  Septic  Tank  Practice”  has  become 
the  basic  reference  for  septic  lank  and  drain  field  design.  I SP1IS  requirements  for 
septic  tank  systems  are  shown  in  Table  IN -2  in  comparison  with  requirements  of  other 
nrgani/at  ions. 

The  Texas  Stall'  Department  oj  Health  (TSDH)  exercises  general  supervision  and 
control  of  all  phases  of  public  health  work  in  the  Stale  through  development  of 
standards  and  issuance  of  regulations,  etc.,  as  discussed  in  Chapter  XII.  I rider  the 
State  of  Texas  Sanitation  and  Health  Protection  Law  (Article  4477-1  Vernon’s  Civil 
Statutes  and  Amendments)  . minimum  standards  of  sanitation  and  health  protection 
measures  were  established.  The  TSDH  is  authorized  to  carry  out  the  provisions  of  this 
Article,  and  penalties  are  provided  for  violation  of  these  minimum  standards. 

I he  I SDH  is  empowered  to  take  all  necessary  procedures  essential  to  the  protection  of 
any  water  body  in  1 exas  from  pollution  by  sewage,  and  it  is  represented  on  the  Texas 
Water  Qualitv  Board.  I nder  this  authority  the  maintenance  of  an  overflowing  septic 
lank  is  I to  he  a nuisance  dangerous  to  the  public  health.  In  addition,  the 

TSDH  es  that  all  effluent  from  new  septic  tanks  must  be  disposed  of  through 

properly  designed  subsurface  drainage  fields  in  order  to  prevent  the  pollution  of 
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TABLE  IV-2 . 


COMPARATIVE  SEPTIC  TANK  SYSTEM  REQUIREMENTS 


REQUIREMENTS 


FHA(1) 

USPHS(2) 

UPC<3) 

TSDrf4) 

Minimum  Septic  Tank  Sizes  (gals) 

1-2  Bedrooms 

750 

750 

750 

750 

3 Bedrooms 

900 

900 

1,000 

1,000 

4 Bedrooms 

1,000 

1,000 

1,200 

1,000 

5 Bedrooms 

1,250 

1,250 

1,500 

- 

Gallons  per  additional  bedroom 

250 

250 

150 

250 

Drain  Fields 

Percolation  test  required 

Yes 

Yes 

No 

Yes 

Surface  used  for  design 

Bottom 

Bottom 

Bottom 

Bottom 

Trench  width  required  (in.) 

12-36 

12-36 

18-36 

18-36 

Minimum  gravel  depth  below  tile  (in.) 

Area  of  Trench  Bottom  Per  Bedroom 
(Minimum) (sq  ft) 

6 

6 

12 

6 

15  Minutes  per  in  percolation  rate 

71(5) 

71 

30 

190 

30  Minutes  per  in  percolation  rate 

94 

94 

45 

250 

60  Minutes  per  in  percolation  rate 

124 

124 

(6) 

330 

Minimum  Trench  Spacing  (ft) 

6 

6 

6 

6.5 

Notes : 

(1) 

(2) 

(3) 

(A) 

(5) 

(6) 


Federal  Housing  Authority 

United  States  Public  Health  Service 

Uniform  Plumbing  Code 

Texas  State  Department  of  Health 

Assumes  2-ft  trench  depth  and  18-in  trench  width 

As  required  by  Health  Department 
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TABLE  IV- 3.  COMPARATIVE 

SETBACK 

REQUIREMENTS  FOR  SEPTIC 

TANK  SYSTEMS 

Requirements  (ft) 

LOCATION 

FHA(l) 

UPC(2) 

TS  DH ( 3 ) 

Septic  Tank  To 

Buildings 

5 

5 

5 

Property  Lines 

10 

5 

10 

Wells 

50 

50 

50 

Streams  and  Lakes 

— 

50 

75 

Water  Lines 

10 

5 

— 

Drain  Fields  To 

Buildings 

5 

8 

15 

Property  Lines 

5 

5 

10 

Wells 

100 

50 

150 

Streams  and  Lakes 

— 

50 

75 

Water  Lines 

10 

5 

— 

(1)  Federal  Housing  Authority 

(2)  Uniform  Plumbing  Code 

(3)  Texas  State  Department  of  Health 
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drinking  water  supplies  and  nuisances  Irom  developing.  Homo  Hide  cities  arc  not 
lirnciUcil  from  enacting  more  stringent  septic  tank  ordinances  than  the  minimum 
requirements  of  tin-  TSDH  . 


The  I SDH  has  published  a pamphlet  entitled  Guide  to  the  Disposal  ol  Household 
Sewage.'"  which  presents  recommended  practices  covering  septic  lank  and  drain  field 
construction  in  areas  where  municipal  sewerage  is  not  available.  I his  pamphlet  has 
been  used  as  the  basis  for  local  ordinances  regulating  septic  tank  system  installation 
and  i'  referred  to  extensively  hereinafter. 

The  Texas  Water  Quality  Board  has  broad  powers  in  maintaining  the  quality  of  the 
waters  of  the  State  under  the  Texas  W ater  Quality  \et  (as  amended  by  Senate  Bill  Ifi). 
Section  .1.22  of  SB  147  states: 

”(a)  Whenever  it  appears  that,  because  of  the  nature  of  the  soil  or 
drainage  in  an  area,  the  use  of  septic  tanks  in  tin-  area  should  he 
controlled  or  prohibited  to  prevent  pollution,  the  Board  may  hold  a 
public  hearing  in  or  near  the  area  to  determine  whether  an  order 
should  he  entered  controlling  or  prohibiting  the  installation  or  use  ol 
septic  tank'  in  the  area.  Before  entering  such  an  order,  the  Board  shall 
consult  with  the  State  Commissioner  of  Health  for  recommendations 
concerning  the  impact  of  the  use  of  septic  tanks  in  the  area  on  public 
health.  If  the  Hoard  finds  after  the  hearing  and  after  consulting  with 
the  State  Commissioner  of  Health  that  an  order  controlling  or 
prohibiting  the  use  of  septic  tanks  in  the  area  is  necessary  to  prevent 
pollution  that  may  directly  or  indirectly  injure  the  public  health,  the 
Board  mav  enter  an  order  to  do  one  or  more  of  the  follow  ing: 

(1)  Limit  the  number  and  kind  of  septic  tanks  which  may  he  used  in 
t he  area: 

(2)  Prohibit  the  installation  and  use  of  additional  septic  tanks  in  the 
area:  or 

(.4)  Provide  for  a gradual  and  systematic  reduction  of  the  number  or 
k iml  of  sept ic  tanks  in  the  area. 

The  Board  mav  also  provide  in  the  order  for  a system  of  licensing  the 
installation  of  additional  septic  tanks  in  the  area,  in  which  case  no 
person  mav  install  a septic  tank  in  the  area  without  a license. 

lh)  Whenever  it  appears  to  the  Commissioner's  court  of  any  county 
that,  because  of  the  nature  of  the  soil  or  drainage  in  an  area  in  the 
countv.  the  use  of  septic  tanks  in  that  area  should  he  controlled  or 
prohibited  to  prevent  pollution  that  may  directly  or  indirectly  injure 
the  public  health,  the  county  may  proceed  in  the  same  manner  and  in 
accordance  with  the  same  procedures  as  the  Board  to  hold  a hearing  and 
enter  an  order,  resolution,  or  other  regulation  controlling  or 
prohibiting  the  installation  or  use  of  septic  tanks  in  that  area.  I he 
order,  resolution  or  regulation  may  provide  the  same  restrictions  and 
requirements  as  is  authorized  for  an  order  of  the  Board  entered  under 
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Subsection  (a)  ot  this  section.  Before  the  order,  resolution,  or  other 
regulation  becomes  effective,  the  countv  shall  submit  it  to  the  Board 
and  obtain  the  Board's  w rilten  approval." 

RECOMMENDED  SEPTIC  TANK  POLICY 

The  development  of  a recommended  septic  tank,  policy  for  the  \CTC( )G  area  has  been 
based  on  the  same  general  criteria  used  to  evaluate  municipal  sewerage  sv stems. 
Through  the  utilization  of  such  a common  basis  of  comparison,  the  achievement  of 
water  quality  objectives  may  he  approached  in  an  equitable  manner  throughout  the 
study  area. 

There  are  two  sources  of  design  and  operational  procedure  for  septic  tank  svstenis 
considered  to  he  satisfactory  for  application  in  the  NCTCOG  area.  One  of  these  i*  a 
publication  the  TSDH.  entitled  “A  Guide  to  the  Disposal  of  Household  Sewage."  The 
other  source  is  an  article  by  Ootleral  and  Norris  in  the  Journal  of  the  Sanitarv 
Engineering  Div  ision.  ASCE.  August  1969  issue. 

The  general  criteria  used  are  those  listed  hv  Cotteral  and  Norris  for  use  in  Marin 
County,  California  as  follows: 

1 . The  septic  tank  sy  stem  must  meet  all  heal t h and  -afetv  requi remen t s. 

2.  It  must  sat isl’v  the  aesthetic  requirements  of  the  area. 

3.  It  must  he  acceptable  to  the  residents. 

f.  It  must  he  practicable  and  workable  and  must  provide  a degree  of  reliability 
com  parable  to  that  of  a well  planned  and  maintained  community  sewerage  sy  stem. 

It  must  he  economically  feasible  and  should  he  the  most  economical  alternative. 

6.  ( lontrols  necessary  to  achiev  e the  object  iv  e listed  above  must  he  easil  v enforceable 

and  legallv  sound. 

I here  can  he  no  guarantee  of  acceptable  performance  for  am  septic  tank  -vslrm.  \ 
reasonable  useful  life  for  such  a system  may  only  he  achieved  through  the  application 
of  strict  design  criteria,  the  utilization  of  the  best  construction  practices,  and  the 
establishment  of  an  effective  continuous  program  of  surveillance  and  maintenance. 
However,  consideration  should  he  given  in  advance  to  ultimate  failure  and  t lie 
prov  isjon  ot  correct  ive  measures. 

In  developing  areas,  septic  tanks  may  be  suitable,  in  some  cases,  on  an  interim  basis 
with  provision  for  future  connection  to  municipal  sewerage  systems.  In  other  areas, 
where  it  is  considered  desirable  to  limit  or  prevent  residential  or  commercial 
development,  the  unsuitability  of  sites  for  septic  tank  svstems,  and  remoteness  from 
municipal  sewerage  systems  may  be  of  positive  value  to  responsible  planning  agencies. 

Site  Suitability.  Before  any  septic  tank  system  is  installed,  the  site  must  he  found 
suitable.  The  site  must  he  suitable  from  the  standpoints  of  soil  characteristics,  lot  d/c 
ami  topography,  \cceptahle  soil  within  the  drain  field  area  should  he  a minimum  of  .» 
ft  in  depth  and  the  level  of  the  seasonal  high  groundwater  table  should  he  at  least  3 ft 
below  the  bottom  of  the  proposed  drain  field  trench.  V site  subject  to  flooding  i*  not 
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suitable.  Topography  ~ 1 1 < > 1 1 1 < I permit  gravitv  How  through  the  entire  process,  Soil 
borings  should  es tablish  the  depth.  extent  and  eharaeter  of  the  -soil  mantle,  and  the 
Ideation  of  bedrock  or  other  imperx  intis  strata.  In  general  such  an  investigation  should 
reasonably  define  the  site  eharaet eristics  within  the  upper  8 ft. 

Investigations  should  he  conducted  to  confirm  that  the  soil  possesses  sufficient 
pcreolative  capacity  to  support  the  leaching  process.  This  might  he  achieved  by 
observation  in  conjunction  with  experience  within  the  area,  hnt  where  tight  soils  are 
encountered,  as  in  most  of  the  area,  percolation  tests  shonld  he  required. 

I.ol  'i/e  requirements  for  septic  tank  systems  depend  greatly  upon  soil  characteristics 
as  discussed  above,  hut  a minimum  lot  si/e  of  one  acre  should  generallx  he  adequate 
with  proper  soil  conditions  provided  that  slopes  are  not  too  steep.  The  lot  size 
requirement  should  provide  for  standard  setbacks  and  desirable  location  of  the 
residence. 

I'he  'ile  should  permit  the  location  of  the  septic  tank  system  components  a safe 
distance  from  any  water  supply  sources  so  as  to  prevent  a health  hazard. 

Protection  of  If  ntcr  Supply.  While  public  ownership  of  all  watershed  lands  is 
umlouhtedlx  the  most  satisfactorv  means  of  safeguarding  the  quality  of  a public  water 
supply,  such  a course  is  not  always  possible.  Several  major  water  supply  reservoirs  in 
the  study  area  are  presently  faced  with  the  threat  of  pollution  hv  residential 
development  ol  watershed  lands  not  owned  hv  the  water  -upplv  agenev.  W here  septic 
tank  systems  are  proposed  for  these  lands,  the  potential  hazard  to  a public  water 
supply  justifies  the  adoption  of  more  stringent  requirements. 

Of  particular  importance  is  the  assurance  that  septic  tank  effluent  will  travel  a 
sufficient  distance  through  the  soil  mantle  to  eliminate  anv  significant  danger  ol 
bacterial  contamination  of  the  reservoir,  \bout  150  feet  is  recommended  as  the 
minimum  setback  distance  from  any  point  in  the  septic  tank  system  to  the  nearest  cut. 
embankment,  permanent,  or  intermittent  stream  or  other  point  where  the  effluent 
might  surface. 

Special  care  should  he  taken  to  insure  that  the  minimum  depth  of  soil  to  bedrock  or 
other  impervious  strata  i-  available.  Where  the  bedrock  i~  looselv  bedded  or  heavilv 
Iractured.  presenting  the  possibility  for  channeling  ol  the  effluent,  consideration 
should  he  given  to  a further  increase  in  setback  distances.  Combined  with  a regular 
program  ol  drain  Held  inspection,  supplemented  as  necessarv  hv  bacteriological 
testing  ol  the  adjacent  reservoir  and  tributary  streams,  these  requirements  should 
eliminate  serious  risk  of  reservoir  contamination  until  such  time  as  municipal 
sewerage  serv  ice  can  he  prov  ided. 

Design  and  C.onst ruction  Considerations.  The  principal  elements  of  a septic  tank 
svslem  are  the  house  sewer,  the  septic  lank,  and  the  soil  absorption  svstem  or  drain 
field  and  should,  in  general,  follow  the  recommendations  of  the  Texas  State  Health 
Department.  Hecommendat ions  as  to  the  design  and  construction  of  these  elements 
are  presented  below. 

House  Seller. The  line  from  the  house  plumbing  system  to  the  septic  tank  should  he 
constructed  of  structurally  sound  pipe  such  as  cast  iron,  vitrified  clay,  or  concrete.  \ 
minimum  diameter  of  bin  pipe  or  6-in  is  i>refenihle)  should  he  used  and  the  pipe 
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laid  on  a straight  grade  not  flatlet  than  I I in  per  It.  Jointing  material  should  prevent 
leakage  and  entry  of  roots. 

Septic  Tank.  The  tank  must  he  watertight,  structurally  sound,  and  durable.  The  mo»t 
eommonlv  used  material  is  preeast  reinforeed  eonerele  which  i-  quite  -at islactory  as 
well  as  economical,  Functionally . the  tank  must  he  large  enough  to  prov  ide  detent  ion 
time  for  most  of  the  solids  to  settle  to  the  bottom  and  for  floating  sum  to  rise  to  tin- 
top  with  sufficient  clear  space  between  the  sludge  in  the  bottom  and  the  -cum  on  top 
for  clarification  of  the  sewage  to  take  place.  Inlet  and  outlet  device-  mu-1  In-  arranged 
to  prev  cut  ei  t her  I he  sludge  or  1 1 oat  ing  scum  from  being  carried  out  with  t he  of  I lue  lit. 

The  minimum  size  of  septic  tanks  is  u-uallv  based  on  the  number  ol  In-droom-  -erved. 
Minimum  sizes  shown  in  Table  IY-2  are  seen  to  he  very  similar  for  the  different 
regulator)  bodies  listed.  These  minimum  sizes  include  provisions  for  garbage  disposal 
units  and  automatic  washers  which  are  in  such  common  use  that  space  should  always 
be  prov  ided  for  the  extra  solids  and  liquids  that  these  appliances  generate. 

Ml  designs  of  sept  ie  tanks  assume  that  sludge  deposits  anil  scum  w i 1 1 not  he  a I low  ed  to 
build  up  to  the  point  that  incoming  -ewage  will  di-place  these  solid-  and  force  them 
out  w ith  the  effluent.  Yearly  inspection  and  pumping  out  of  the  tank,  w hen  t he  sludge 
level  reaches  within  12-in  of  the  outlet,  should  he  required. 

Two-compartment  tanks  or  two  tank-  in  series  arc  more  efficient  in  removing  -olid-, 
add  to  t he  life  of  t he  drain  field. and  consideration  -lion  Id  he  given  to  t hi-  requi  re  men  t 
for  all  new  -y stems. 

Drain  Field.  The  function  ol  the  tlruin  field  i-  to  prov  ide  a mean-  wherein  the  liquid 
effluent  from  the  sept  ic  tank  will  seep  into  the  ground  at  a -low  rate  w it  bout  (real  ing  a 
health  hazard  or  nuisance. 

Length-  of  drain  field-  required  are  based  on  pereolative  rapacity  ol  the  -oil  a- 
evidenced  In  percolation  tc-l-  with  a substantial  factor  ol  -alelv.  Design  -hould  he 
based  on  TSDII  requirements  as  shown  in  Table  I \ -2.  Method-  of  performing 
percolation  test  - are  well  described  in  " \ Guide  to  the  Disposal  of  I lou-ehold  Sew  age." 
No  vehicular  traffic  -hould  he  permitted  iu  the  drain  field  at  any  time  after  its 
construction  unless  the  field  i-  adequatelv  protected. 

Maintenance  anil  F.xpect ed  l ife  Span.  Required  inspection  In  qualified  personnel 
during  construction  should  insure  the  use  id  proper  materials  and  that  good 
construction  practices  are  followed.  If  this  i-  done,  maintenance  or  repair-  will  he 
infrequent  except  for  periodical!)  pumping  out  the  tank  to  prevent  excessive  sludge 
buildup  and  drain  field  clogging. 

Kventually.  even  the  best  designed  and  operated  systems  will  fail  due  to  the  plugging 
up  of  the  soil  inters! ices. If  sludge  and  scum  are  allowed  to  pass  from  the  tank  in  the 
effluent,  this  process  will  he  accelerated  and  the  lile  of  the  system  reduced.  Knforccd 
inspection  and  proper  maintenance  will  delay  ultimate  failure  and  extend  the  life  of 
septic  tank  systems  to  the  maximum. 

The  limited  life  span  of  septic  tank  svstems  i-  a serious  limitation  on  the  dcsirahilitv 
of  their  use.  The  expected  life  span  of  septic  tank  systems  i-  generally  considered  bv 


aut horitie*  to  be  of  tin-  order  of  l<'ii  years.  In  tin-  event  of  failure,  replacement  of  the 
drain  lield  mav  be  possible.  but  tbi*  rentedv  cannot  always  be  depended  on  in  built-up 
areas  because  of  limited  available  space. 

because  of  the  limited  useful  life  of  septic  tank  system*  generallv.  this  method  of 
sew  a tie  d isposal  shot!  Id  be  con  sid<  "red  tempt  >ra  r v . I best*  >\  stents  should  be  replaced  by 
municipal  collection  and  treatment  svstems  at  the  earliest  practicable  dale,  especially 
in  area-  ol  pop u lat  ion  com  i'll!  rat  ion. 

Multifamily,  (onimrrrial.  anil  Inst  it  lit  iniial  Far  Hi  tit's.  W bile  I lie  recommendation- 
presented  herein  are  concerned  priniarilv  with  the  problems  ol  individual  household 
-ew  ape  disposal  -v-lem.  I be  same  general  principles  apply  witbeipial  validity  to  larger 
in-tallatioii'.  I'll 1 1 s.  the  same  recommendat ions  made  1 01  borne  -ept ic  tank  -y stents  are 
eiptal I v applicable  to  sv  stem-  w liicli  -erv  ice  mull  i family . commercial,  and  institutional 
facilities.  Since  there  i-  no  way  to  establish  standard  loading  conditions  lor 
installations  of  this  tv  pe.  each  septic  tank  system  imi-t  be  designed  specifically  for  the 
anticipated  until  i t toils  ol  -et  v ice.  I hi-  reipt  i res  dial  per  col  a I ion  test  - ,t  nil  the  design  ol 
the  septic  t a 1 1 k and  drain  lield  sV'lent  should  be  done  by  a registered  professional 
engineer  w ho  i*  t|ualit  ied  in  the  sanitary  lield. 

I m /ili'mcntation  of  (ontruls.  I lie  leva-  Water  (Quality  board  has  the  necessary 
explicit  authoritv  to  -et  up  and  enforce  such  control  measure-  on  septic  tank  systems 
and  mav  designate  a lot  al  authority  as  it-  agent  in  inspecting  and  assuring  compliance 
with  it'  orders.  In  pracl  ice.  this  is  done  lit  rough  an  order  of  the  board  alter  evidence 
presented  at  a public  bearing  has  established  the  need  for  stu  b action.  In  June  I9d) 
tile  board  designated  the  \(  !T(  !l  ll>  as  its  agent  around  Lake  bay  Hubbard.  The  board 
ha-  designated  the  Trinity  Hirer  \tithorify  as  its  agent  for  the  purpose  of  inspecting 
septic  tank  sv -terns  in  another  part  of  the  Trinity  River  basin,  specifically  in  the  Lake 
Livingston  Water  Uualitv  Zone  (Order  No.  bb-.j).  The  TRA  is  authorized  to  present  to 
the  board  its  recommendations  for  or  against  the  granting  of  licenses  in  that  area. 
Septic  tanks  in  that  area  may  not  be  constructed  or  operated  w it  bout  a valid  license. 

\ number  of  cities  in  the  study  area  now  have  septic  lank  ordinaccs  of  varying 
effect ivenes*  and  mam  others  exerci-e  limited  cont rol. 

Septii  tank  problem  area»  are  considered  in  two  categories  which  appeal  to  require 
soniew  bat  dillerent  control  prorod u re.  a s listed  below. 

1.  \reas  around  lakes  where  direct  pollution  ol  water  supplies  i-  a 
matter  of  serious  public  health  concern. 

2.  Housing  development*  w it  hill  the  Dalla  — I'ort  Worth  metropolitan 
area  and  small  communities  located  throughout  the  remainder  ol  the 
'ludv  area,  where  sewage  flow-  may  exceed  the  absorptive  capacity  ol 
drain  fields. 

Regulation  of  the  construction,  operation,  and  maintenance  ol  septic  tank  systems 
require*  that  .1  governmental  agency  (or  agencies)  have  the  legal  authority  and  the  stall 
to  accomplish  such  regulation.  The  TW  Ob  should  delegate  it*  regulatory  authority 
over  septic  tank  systems  in  the  North  Central  Texas  region  to  a regional  agency  in  the 
area.  The  use  of  the  term  “regional  agency"  is  intended  to  represent  whatever 
organizational  strut  tore  that  may  evolve  from  the  adoption  of  this  report  as  the  official 
area  w ide  plan  for  water  pollution  abatement  as  discussed  in  Chapter  NIL  l nder  such 


an  arrangement  the  regional  agency  would  ha\e  authority  similar  to  hut  broader  than 
that  delegated  to  the  NCTCOG  in  the  Lake  Ray  Huhhard  area  and  to  the  TR \ in  the 
Lake  Livingston  Vi  ater  Quality  Zone. 

In  the  ease  of  the  areas  around  water  supply  reservoirs  (Category  I ).  local  agencies  such 
as  the  Tarrant  ( lounlv  Vi  ater  (Control  and  Improvement  District  No.  I and  the  North 
Texas  Municipal  Water  District  should  enforce  septic  tank  regulations  in  areas  under 
t heir  jurisd ict ion.  The  Tarrant  ( ioiintv  Vi  ater  (Control  and  Improvement  District  No.  I 
presentlv  owns  and  operates  all  of  Fort  Worth's  water  supplv  reservoirs  except  Lake 
Worth.  Such  districts  should  earrv  out  their  activities  iu  coordination  with  the 
regional  agenev . The  ( aty  of  Fort  W orth  ow  ns  Lake  Vi  orth. 

The  Citv  of  Dallas  owns  the  Lake  Ray  Huhhard  water  supplv  reservoir  and  others.  The 
Citv  of  Dallas  owns  some  storage  capacity  in  Grapevine  and  Garza  Little  Film 
Reservoirs,  blit  these  reservoirs  were  built  by  the  Corps  of  Engineers  and  are  owned  by 
them.  The  cities,  water  districts,  and  Corps  of  Engineers  should  enforce  septic  tank 
regulations  in  the  area  around  their  reservoirs  in  coordination  with  the  regional 
agenev . 

For  all  remaining  areas  of  the  North  Central  Texas  region  (including  areas  in  Category 
2).  the  County  Health  Department  of  each  county  should  enforce  septic  tank 
regulations  in  coordination  with  the  regional  agency.  In  the  event  that  an  effective 
County  Health  Department  does  not  exist,  septic  lank  regulations  should  be 
administered  directly  hv  the  regional  agency. 

The  above  organization  of  responsibility  may  he  expected  to  greatly  aid  the 
enforcement  of  septic  tank  regulations  within  the  study  area.  In  addition,  the 
coordination  of  all  regulatory  activities  by  the  regional  agency  will  assure  greater 
uniformity  in  enforcement.  The  TW  (,)H  is  presently  considering  the  development  of  a 
uniform  code  recognized  hv  all. 

The  authority  to  inspect  septic  tank  systems  under  the  jurisdiction  of  the  regulating 
agenev  should  he  provided.  Right  of  reasonable  access  to  private  property  for  such 

purp should  he  guaranteed.  Inspections  should  determine  the  signs  of  current  or 

recent  failure  of  the  drain  field.  Where  evidence  of  possible  failure  appears, 
additional  inspect  ions  scheduled  for  periods  ol  adv  erse  com)  it  ions  should  he  arranged. 

Two  major  requirements  must  he  satisfied  by  any  program  which  is  established  to 
control  septic  tank  installation  and  operation.  First,  procedures  must  be  established 
to  require  individual  homeowners  to  participate  in  the  surveillance  and  inspection 
program  and  to  obtain  compliance  with  required  preventive  and  corrective 
maintenance:  and  second,  the  cost  of  the  program  must  he  borne  by  the  septic  tank 
owners  included  in  the  program. 

One  method  which  will  salisfv  these  requirements  is  the  mandatory  issuance  of 
annuallv  renewable  septic  tank  licenses  for  all  residences  served  by  septic  tank 
svstenis  within  the  study  area.  The  issuance  of  these  licenses  would  he  dependent  upon 
satisfactorv  compliance  with  the  requirements  ol  the  inspection  program,  and  license 
fees  would  cov  er  t he  cost  of  I he  program. 

The  regional  agenev  in  coordination  with  designated  cities,  counties,  and  district' 
should  he  responsible  for  the  following: 
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1.  Defining.  distr ihuting.  ami  upgrading  septic  lank  general  design 
criteria  and  operating  procedures  in  conformance  to  I W Qlf 
requirements,  including  the  definition  of  areas  where  septic  lank 
installations  are  prohibited. 

2.  Processing  applications  for  new  septic  lank  systems  and  repairs  on 
existing  sy  stems. 

.5.  Interpreting  submitted  data  and  supplemental  information  and 
defining  specific  design  criteria  for  each  part  ieular  installation. 

f.  Rex  ievv  ing  and  approx  ing  sy  stem  design. 

а.  Issuing  construction  or  repair  permits  for  all  septic  tank  work  and 
collecting  permit  fees. 

б.  Inspecting  and  approv  ing  all  new  construction  and  repairs. 

7.  Issuing  annual  septic  tank  licenses  for  all  residences  served  by  septic 
tanks  within  its  jurisdiction. 

H.  Notifying  homeowners  of  repairs,  replacement,  or  maintenance 
which  must  he  accomplished  w ithin  a given  period. 

Confirming  homeowners'  compliance  with  maintenance  and 
corrective  procedures,  and  renewing  septic  tank  licenses. 

10.  Initiating  legal  action  against  violator*  of  mandatory  procedures. 

W ith  the  preceding  responsibilities  vested  in  the  regional  agency,  the  applicant  then 
becomes  responsible  for  the  following: 

I.  Securing  the  services  of  a qualified  engineer  to  perform  the 
required  soils  investigation  and  percolation  tests. 

2.  Preparing  and  submitting  the  application  for  construction  of  a new 
sept ic  tank  system. 

If.  Design  of  the  septic  tank  system  in  conformance  with  standard  or 
modified  design  criteria  prox  ided  by  the  regulating  agency. 

f.  Constructing  the  system. 

.">.  Pumping  of  tin-  septic  tank  by  a licensed  septic  tank  pumper,  as  the 
need  arises  or  when  required  by  the  regulating  agency. 

(>.  Repairing  damage  to  the  septic  tank  system. 

It  is  recommended  that  minimum  standards  to  he  enforced  by  a regional  agency  be  in 
accordance  with  instructions  in  " \ Guide  to  the  Disposal  of  Household  Sewage, 
published  hx  the  Texas  State  Department  of  Health,  or  the  latest  official  revisions 
♦thereof.  Covered  in  these  instructions  are  site  considerations,  soil  testing  including 
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percolation  test-.  design  and  construction  of  components  of  these  septic  tank  *v  stems, 
inspection,  and  maintenance. 

I he  successful  control  and  administration  of  the  regional  licensing  and  >ur\ eil lance 
program  herein  recommended  is  total  I \ dependent  on  the  agenc\  chargeil  with  it- 
accomplishment.  This  agency  niust  be  given  sufficient  staff,  funds,  and  authorilx  to 
attack  the  problem  with  flexibility  under  a rational  and  uniform  approach.  Sucli 
powers  and  responsibilities,  in  our  opinion,  should  he  vested  in  a region-wide 
organization  discussed  in  Chapter  \ 1 1. 

Imple nictitating  the  above  recommendation  should  successfully  prevent  serious 
health  hazards  from  developing  in  unsew cred  areas  and  will  protect  home  hovers  from 
being  saddled  with  sub -standard  individual  sewage  disposal  sv  stems. 
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CHAPTER  V 

QUANTITY  AND  QUALITY  OF  WASTEWATER 

The  development  of  criteria  for  use  in  designing  sewers,  pumping  stations  and 
treatment  farilities  requires  the  investigation  and  analysis  ot  population,  water 
iniiMimpt  ion.  and  wastew  a ter  or  sew  age  flow  trends. 

POPULATION  PROJECTIONS 

Projections  of  future  population  and  it'  distribution  are  necessary  to  permit  estimates 
of  future  sewage  flow  in  each  portion  ol  the  study  area  to  he  made.  Distribution  of 
present  and  projected  population  in  the  studv  area  has  been  performed  by  (,(I\S\I) 
Research  Corporation  for  NCTCOG  utilizing  available  information  such  as  Census 
puhlieat  ions,  current  development  policies,  previous  planning  studies  and 
transportation  studies.  (1970  l S Census  figures  were  not  available  during  the 
preparation  of  this  report.) 

Projected  total  future  populations  of  counties  within  the  studv  area  were  based  on 
l Diversity  of  Texas  forecasts  except  as  adjusted  after  conferences  with  local  officials. 
Residential  and  emplov  merit  populations  and  population  densities  for  zones  within 
count ies  in  ( he  studv  area  were  projected  hv  CONSM)  for  the  tears  I9<0.  I9,.>.  19)50. 
1990  and  2000.  Kmpiov  merit  population  is  considered  to  mean  the  number  ol  people 
who  are  emploved  in  manufacturing  and  commercial  aetiv  ities  in  an  area  regardless  ol 
residence,  and  CONS  \ I ) projections  have  been  adjusted  lor  use  in  this  studv . 

Results  of  the  CONS \I)  population  distribution  study  have  been  used  herein  with 
modifications  in  several  areas  where  present  anil  anticipated  growth  appeared  to 
warrant.  In  addition,  these  figures  have  been  projected  to  the  year  2020.  Projected 
total  residential  populations  for  the  ten-county  NCTCOG  area  are  shown  in  fable  \ -1. 
The  total  residential  population  of  the  NCTCOG  area  in  1967  was  estimated  at 
2.1  13.940.  Hv  the  year  2020  the  residential  population  is  expected  to  increase  to  about 
7.619.300. 


Table  \ -2  show*  watersheds  within  the  study  area  and  comparisions  between  total 
resident  ia  I populat  ion  hv  w a ter  shed  as  projected  hv  CONS \ I)  and  as  modified  (or  use 
in  this  studv.  Locations  and  limits  of  the  watersheds  are  shown  on  fig.  \ -1  and  are 
referenced  to  Table  \ -2  by  watershed  numbers. 

Not  all  of  the  population  within  the  studv  area  i'  expected  to  he  provided  wiih 
sewerage  facilities  during  the  studv  period.  Therefore,  the  population  served  by  such 
facilities  will  in  general  he  less  than  the  total  projected  populations.  I he  projected 
sewered  residential  populations  used  for  this  study  are  shown  in  Table  \ -3  and 
referenced  by  node  numbers  assigned  to  existing  and  potential  sewage  treatment 
plants  or  major  loading  points.  These  node  numbers  contain  prefixes  corresponding  to 
watershed  numbers  on  the  map  presented  on  Tig.  \ - 1 . 

Population  projections  developed  as  discu — ed  above  arc  based  upon  considerations  ol 
current  and  anticipated  development  trends.  These  t reniis  could  he  modified  in  the 
future  if  development  i>  controlled  because  of  water  supplv  .sewerage,  drainage. 
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TABLE  V-l.  RESIDENTIAL  POPULATION  PROJECTIONS  FOR  THE 
NCTCOG  AREA 
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(1)  Projections  from  1970  through  2000  are  based  on  data  furnished  by  CONSAD  Research  Corporation,  and  modified  in 
areas  where  present  and  anticipated  growth  appear  to  warrant.  CONSAD  projections  are  shown  in  parentheses. 

(2)  I960  U.  S.  Census  data. 

(3)  Estimates  taken  from  1966-1969  Texas  Almanac. 
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TABLE  V-2.  DISTRIBUTION  OF  RESIDENT  IAI.  POPULAT I j-.  JAIA  BY  WATERSHEDS  IN  THE  NC.  . • AREA 


Projected  Population 


■ Watershed 
Trinity  River1 

217  ,600 

6,960 

7,370 

7,9U0 

6,960 

10,100 

13,000 

West  Fork 
5A. 

Trlnitv  Watershed 
big  ota r 'reek 

Smith  A Walker  Creeks 

66,970 

5 ,140 

(*♦,690) 

5,710 

( 1*  ,640 ) 

6, <*1*0 
(5,000) 

7,660 

(5,500) 

9,200 

(6,300) 

11,600 

5B. 

Little  bear  Creek 

Red  Oak  Creek 

151,230 

11,730 

15,**70 

16,910 

28,030. 

39,500 

72.200 

5C. 

Mountain  Creek 

Ten  Mile  Creek 

66,910 

37, AGO 
(31,960) 

60,920 

(l*9,6bo) 

66,610 

(67,060) 

136,530 

(102,370) 

19 6,700 
(11*3,000) 

302,600 

5D. 

Walnut  Creek 

Parson's  Slough 

35,170 

22,51*0 

30,170 

37,650 

53,150 

n ,800 

114 ,bOG 

Prairie  Creek 

lb  ,1*70 

5**  ,970 

65 ,01*0 

75,660 

92,06 0 

117  >00 

11*6,700 

5E- 

Johnson  Creek 

Five  Mile  Creek 

**5,050 

104  ,210 

131 ,260 

1U3,690 

193,650 

223,1 

265,700 

5F. 

Lower  West  Fork 

White  Rock  Creek 

69,390 

387 ,010 
(369,510) 

(1*06,330) 

(bi.1,590) 

553,350 

(502,170) 

613,000 

(543*000) 

679,000 

5G. 

Village  Crees 

Dallas  Plant  Area 

60,190 

276,600 

(2O5.Q90) 

295 , 31*0 
278,39 

31**  ,670 
(291*  ,560) 

369,560 

(322,660) 

36b  >00 
(31*9,900) 

1*09,300 

5H. 

Rush  Creek 

22  ,o70 

- 5,9: 

227,320 

2l*b,UG 

276,250 

296,500 

306,100 

51. 

Walker  branch 

Subtotals 

775,850 

1,112,700 

1,266,91*0 

1,1*25,1*00 

l,703,ol*0 

1,900,500 

2,323,000 

5J. 

big  Fossil  Creea 

(1,340,  370)(1, 587 ,240)  (1,600 ,600) 


Cedar  CreeK  Watershed 

2A.  Lover  Cedar  CreeR 


Upper  Cedar  Creek 
Kings  Creek 


30,150  36,340 

(20,'jUO)  ( jb.U30) 


East  Fork 

Subtotals 

Trinitv  River  Watershed 

661*  ,720 

49>70 

(49,120) 

53,300 

(52,960) 

56,710 

(57,500) 

70,630 

(70,520) 

65,100 
(87 ,200) 

134,100 

3A. 

Lower  East  r orK 

5**,860 

10,780 

15,290 

16,670 

29,670 

40>00 

64,900 

3B. 

East  Forney  Reservoir  Area 

102,540 

8,990 

(6,670) 

14 ,760 
(9,660) 

23,940 

(13,540) 

34 ,910 
(23,130) 

46,600 

(43,900) 

53,700 

3C. 

Mesquite  Creek 

35  >20 

61,520 

78,310 

80>70 

124  ,010 

147,100 

197,000 

3D. 

Duck  Creek 

24 ,660 

70,700 

85,100 

•,  ■ 

113,800 

(64,510) 

186,100 

(76,310) 

196,000 

• . • 

201,700 

3E. 

Rowlett  Creek 

77,570 

26 ,800 
(36,830) 

1*7  ,020 

89,910 

200,630 

(61,720) 

268 ,200 
(65,700) 

300 ,200 

JF. 

Spring  Creek 

23,410 

(17,590) 

(21,260) 

156,060 

(32,210) 

162  ,600 
(40,700) 

.•  . . 

3C. 

Muddy  Creek 

■ . - 

7,870 

12,640 

23 ,600 

34  >10 

46,100 

' ,< 

3H. 

Upper  East  Fork  Trinity 

195 ,130 

27,350 

(22,260) 

30,370 

(25,240) 

34 ,210 
(29,070) 

47.210 

(37,110) 

71 ,200 
(44,800) 

. 

31. 

later  Crove  Creek 

100,660 

5,670 

5,690 

6,240 

7,130 

7,600 

9,600 

3J. 

Pilot  Grove  Creek 

157.750 

6.61*0 

9.710 

12 .000 

14.200 

Kim  Fork 

Subtotals 
Trinity  Watershed 

640,780 

254,610 

(224,280) 

339,520 

471,650 

(323,600) 

633,300 

(436,670) 

998,400 

(559>00) 

1,162,200 

-A. 

..over  Elo  ^ork  Trinity 

117,920 

152,520 
( 139 ,5**0) 

181,390 

(164,590) 

229,010 

(186,630) 

353,100 

(236,310) 

432>00 

. 

531,000 

4B. 

Denton  Creek 

456,240 

23,480 

(20,230) 

33,190 

• . • 

82,940 

(76,270) 

4C. 

Upper  Elm  Fork  Trinity 

430,720 

64  ,li0 

60 ,050 

89,230 

109,190 

4D. 

Hickory  Creek 

111,360 

14,500 

19 ,200 

22,130 

28,830 

4E. 

Clear  Creek 

240,640 

4,640 

4,680 

5,130 

5,640 

4F. 

Mustang  A Little  Elm 

56,960 

4>70 

4, 640 

4,620 

5,210 

40. 

Isle  du  Bols  Creek 

94.720 

5,100 

5.460 

_5*670 

6.630 

Subtotals 

1,510,560 

268,820 

(252.590) 

329,610 
1 310,070) 

••03.950 

(358,490) 

591,740 

(-66,260) 

IfiTTE:  Population  data  are  based  on  estimates  prepared  by  mu:  a:  . In  !n*<tan--es  where  cor  A!  data  were  modified  for 
study  purposes,  the  CON CAD  lata  is  shown  In  parentheses  and  the  modified  data  shown  directly  above. 


1 'Approximately  o*  ,oot  acres  and  not  of  the  population  of  watershed  1A  are  lr.  Navarro  ounty . which  Is  not 
within  the  NCTCOT.  study  area. 

(£ 'Approximately  It  ,uw  acres  and  20i  of  the  population  of  Watershed  i A are  in  Navarro  and  Hill  'ountles, 
which  are  not  within  the  JICTCOC  study  area. 

l^tkriudes  population  in  these  portions  of  Watersheds  1A  and  lc*  which  are  utside  th*  N T study  area. 


Nolands  Fiver  Watershed 
f'/CT  Nolands  River 


W'axanachie  Crees 

Subtotals 


Ctudy  Area  Population 


•2.  DISTRIBUTION  OF  RESIDENTIAL  POPULATION  DATA  BY  WATERSHEDS  IN  THE  NCTCOG  STUDY  AREA 


pulat ion 

1990 

2000 

2020 

8 ,960 

10,100 

13,000 

T.BoO 

(5,500) 

9,200 

(6,300) 

11 ,800 

28 ,030. 

39 ,500 

72,200 

138,530 

(102, 37.  i 

19“  ,700 

• . 

302 ,b00 

53,15o 

71,800 

114, b00 

92  .Oou 

117  ,k00 

14b ,700 

193,850 

223,100 

265 ,700 

553,35o 

(502,1 

. , 

• . 

679, 

349,560 
( 322  .hoc 

38b ,U00 
l3k9,9uo) 

• • . 

278,250 

296 ,500 

■ • .. 

,703, OLD  1 ,*>0,500 
,587 ,240 )( 1 ,doC ,600 ) 

2,323,000 

35,900 

•*9,900 

5,800 

6,300 

36,340 

(38.030, 

43,800 

>5,700) 

77,900 

70,830 

(70.520) 

85,100 

(87 ,200) 

134,100 

29 ,670 

kO.UOO 

64,900 

3^  ,910 
(23,130) 

kb  ,800 
( k 3 ,900 ) 

12k  ,010 

1*»7 ,100 

197,000 

188,100 
(7b ,31o  j 

198,000 

• . • 

201 ,700 

200,830 

(61,720) 

288  ,200 

(85,700) 

300 ,200 

156,060 

(32,210) 

162 ,800 
(40,700) 

■ 

3k,kl0 

46,100 

86,600 

k7 ,210 
(37,11  < 

71,200 

(44,800) 

06,700 

7,130 

7,800 

9,600 

-.10^70 

12 .000 

14  .200 

833.300 

lk3b/  7 

998,400 

(559,400) 

1,162,200 

353,100 

(236,310) 

**32,400 

(285.8C0) 

531 ,000 

82 ,9k' 1 
(76,270) 

108 ,000 
(100,000) 

. . 

109,190 

119,300 

134,000 

28,830 

35,500 

35,500 

5,6k0 

7,400 

8,300 

5.210 

5,800 

8,400 

6 1 

1^22 

591, TkO 

[466 

715.300 
(560 .700) 

858 ,200 

l AT  data  were  Modified  for 

I direct  , y above 

irro  ‘ounty  , ¥•  l f.  is  net 
iMrro  and  “1X1  ouotles. 

I the  * - o *•. inly  area. 


Watershed 

No.  Watershed 

West  ForK  Trinity  Watershed 
5A.  rig  ott r Creek 


5B.  Little  bear  Creek 

5C.  Mountain  Creek 


5D.  Walnut  Creek 


5E.  Johnson  Creek 


5F.  U>wer  West  Fork 

5G.  Village  Creek 

5H.  Push  Creek 


51.  Walker  Branch 


5J.  Big  Fossil  Creek 


5K.  Little  Fossil  Creek 


5L.  Marine  Creek 

5M.  Middle  West  Fork 

5N.  Sycamore  Creek 

5P.  Farmers  Branch 

5Q.  Clear  Fork  Trinity 

5R.  Mary's  Creek 

5S.  Upper  West  Fork 

5T.  Big  Sandy  Creek 

Subtotals 

Brazos  Fiver  Watershed  - Parker  County 
6A.  Brazos  River  Portion  of 

Parser  County 
Subtotal 

erazos  River  Watershed  - Johnson  County 
'A.  Brazos  River  Portion  of 

Johnson  County 
Subtotal 

Nolands  Plver  Watershed 

Noiands  River 

Subtotal 

Rich, and  Creek  Watershed 

<A.  Richland  Creek  Portion  of 

Ellis  County 
Subtotal 

■•lamters-Waxahachie  Creess  Watershed 
IDA.  Chcabers  Creek 

10B.  waxanachle  Cree* 

Subtotals 

ummIrs  Trees  Watershed 

11A.  Cumins  Creek  Portion  of 

Ellis  County 
Subtotal 

.-ablne  River  Watershed 

12A.  Sabine  River  Portion  of 

Kaufman.  Rockwall,  and 
Collin  Counties 

Subtotals 


Totals 

(3) 


Area  Projected  Population 


(Acres) 

1970 

1975 

1960 

1990 

2000 

2020 

51,980 

36 ,780 
(36,760) 

60,000 

(53,300) 

62,000 

(69,600) 

121 ,000 
(106,600) 

160,000 

(130,000) 

220,000 

16,000 

12,280 

16,050 

20,670 

33,600 

47,500 

65,000 

151, boo 

89.480 

(67,250) 

127 ,500 
(123,470) 

179,890 

■ 

269 ,210 
(211 ,230) 

360,700 

(260,000) 

476,200 

(315,000) 

55.680 

7,130 

(6,960) 

15 ,960 
(14,990) 

34  ,520 
(24,630) 

72,240 

(52,660 

93,200 

(69,000) 

12?  ,600 

12,800 

60 ,500 
(39,570) 

63,500 

(44,960) 

66,300 
(51  ,110) 

72,000 

(65,030) 

77,500 
(7k ,000) 

67,000 

27,030 

44 ,520 

55 ,070 

67,320 

98,750 

132,600 

152,700 

100,460 

90,000 

113,190 

137,500 

202,910 

275,000 

350,000 

21,760 

22,500 

(16,460) 

31,500 

(22,710) 

“1,500 

(30,360) 

62,500 

(51,850) 

62,000 

(70,000) 

120,000 

15,360 

30,060 

33,900 

38 ,610 

51,110 

65,000 

82,500 

36,460 

40,000 

(29,070) 

“7,500 

(37,120) 

60,000 

(47,000) 

85 ,000 

(73,960) 

110,000 

(98,500 

150,000 

12 ,160 

29,000 

(17,980) 

36,000 
(21 ,290) 

41,500 

(25,3k0) 

52,000 

(37,230) 

62,500 

(47,000) 

. 

14,720 

27,440 

32,790 

39,340 

56,670 

70,000 

65 ,000 

22,120 

36,420 

45 ,050 

55,070 

80,790 

106,600 

124 ,900 

24,960 

96,260 

109,350 

124 ,170 

157 ,820 

190,000 

230,000 

8,320 

23,090 

27,380 

32,660 

43,900 

52,000 

64,000 

306,560 

155,760 

178,590 

206 ,010 

275 ,670 

310,000 

365,000 

27,520 

7,260 

9,200 

11,550 

16,070 

25 ,000 

30,000 

1,111,170 

110,450 

132,030 

158,060 

220,320 

241,000 

308,400 

229.760 

8.230 

8.610 

9.710 

11.520 

15.100 

17 .500 

2,246,640 

927,230 

(675,950) 

1,143,370 

(1,079,250) 

1,406,400  1,965,260  2,476,900 

( 1 ,299 ,630 )( 1 ,650 ,290)  .2 ,280 , 500 ) 

3,129,00i 

277 .610 

5 .600 

5.630 

5 .660 

5.700 

5. 600 

277 ,610 

5,560 

5,600 

5,630 

5,660 

5.700 

5,600 

78.750 

1.300 

1.300 

1.310 

1,320 

1.400 

1.400 

76,750 

1,300 

1,300 

1,310 

1,320 

2,400 

1,400 

24 .690 

37.320 

42 .500 

47  ,500 

157.150 

24 ,690 

26 ,590 

29.330 

37,320 

42,500 

47,500 

8.200 

250 

250 

250 

250 

300 

300 

6,200 

250 

250 

250 

250 

300 

300 

411 ,600 

14,330 

14,450 

15.050 

16,030 

16,600 

23,600 

115  .640 

31 .220 
(27.170) 

37 ,040 
(29.640) 

■ ■ ■-  - 

1 . k 

70,700 

(56.600) 

96,200 

527 ,240 

“5.550 

(41,500) 

• • ..  • 

58,850 

(46,450) 

71,870 

(58,900) 

597300 
(77 .200) 

119,600 

U.500 

400 

400 

400 

400 

400 

400 

13,500 

40C 

400 

400 

400 

400 

400 

T?  ,000 

6,920 

, 

9,090  12,460 

(7,130)  (10.230) 

15.300 

(13.400) 

17,900 

72 ,000 

5.55c 

14,910) 

fc  ,920 

. • 

9 ,090  12  ,460 

(7,130)  (10,230) 

15,300 
13, k 

17,900 

7,i93,OOC 

/*•.. 

12. 556,17b) 

3,225.790 
( l.uib.uro) 

1 . .17 . 5 . 314  , 090  b , 364  ,700 
l 1.472  ,290 , 14, 527, 10C)  (5.-29.300) 

7 ,bo4 ,000 

7,035,400 

2 ,688  ,d?0 
(2  ,546,o4o 

3.218,250 
( i.oOf ,9*C 

3,658,280  304  ,720 

. 3. 464 ,*00, (4, 517, 7 30, 

6,384,000 

(5,-:e,h00) 

7,792.100 

>- 


Study  Area  Population1 


M 


Node  No*. ! ‘ ’ Loot  ton  1970 
TRINITY  RIVER  WATERSHED  1 

LA-21 1 Kerens  1.350 
1A-239  NIPAK.  Inc-  0 
l»-92  Ennle  North  2,y(W 
IB- 92  Sunoma  0'>° 
IC-91  Pa  lmer  7*0 
1C-91  Middle  ked  oak  Creek  0 
1C- 911  Lower  Red  Oak  Creek  Cl 
1C-17*  Cedar  Hill  2,200 
ID- 14 5 Ml  lor r 2.700 
ID- 163  Farr  ts  !.»<** 
10-167  Lanca.ter  l 3. B00 
1D-167A  Upper  Had  lak  Creek  0 
13-169  tie  Soto  i.?0« 
10-120  Woodland  Nil  la  0 

10- 113  Duncanville  11.200 
IF  1-6  Prairie  Creek  54,900 
lf-146  Elam  Creek  15.400 
IK- 146  Five  Mile  Creek  94.300 
1E-U7  Kleberg  4.200 
lk- 149  Batch  Springs  9.O00 
IE- 1 50  Seagovllle  Fed  or.  Inst.  700 
1C- 143  Hutchins  1.600 
1H-6-  Plano  (White  Rock  reek) 

1H  "X.  Richardson  r;  .d  Bruu.h  ■-■‘•b1* 
IH  -'t)  Richardson  (cottonwood  creeki  29.JOO 
1H-2 15  Upper  White  Ro.  k reek  16. ’Uv 
1H  2 16  Middle  White  Rock  reek  35. ’00 
|H  2 16A  Lower  White  Rock  Creek  150.-00 
It -1/5  Dallas  Plant  Area  245. OOo 
11175  Coombs  creek 

11- 175  Fair  Park  Area  92.400 
11-1/5  Pro*  ter  4 .sable.  In- 


/uBtotal  994,950 


lk/5 


1.600 


700 

B90 


2.200 

6,520 

5.300 

4.600 

2.200 

16.750 

3,110 

12,900 

960 

20,000 

65.000 
10,600 

. 

6.900 

11.600 
700 

2.500 

10.000 

15.000 

31.000 

24.000 

46.000 
103.000 

295.300 

227.300 
1O1./O0 

0 

1 ,250,510 


I960 


1.700 

0 

4.500 
000 

1,020 

2,600 

8.290 

0,100 

5,900 

2.400 

27.000 
4,09*7 

19.000 
1.300 

26.000 
75.050 
20.400 

140,600 

9,000 

13,300 

700 

3,100 

20.000 

16.000 

33.000 

33.-00 

54.500 
199,000 
114.700 
240. 100 
102.900 

0 

1 . 199.2  »0 


1990  2000  20 20 


1,960 

0 

5.600 
1 .000 
1.360 
3,730 

...  0/ 
20.000 
9.200 
3,000 

33.500 
6.  330 

33.000 

2.600 

41.000 
92.070 

23.000 
109.000 

11.400 

16.900 

700 

4,600 

35.000 

17.000 

36.500 
4i..'O0 
*0,200 

223,00V 
149.6‘Jo 
2o. 300 
101,200 
0 


2.200 

0 

7.000 
1.200 
1.900 

5.300 
lb.lOU 

30.000 

12.000 

1.600 

39.900 

9.300 
49. >00 

3.600 

59.000 
117.400 

25.700 

217.100 

1B.3U0 

19.-00 

700 

6.000 

10.000 
36.500 
56,300 
00,700 


296,500 

103.200 

0 

1,910.200 


2,800 

0 

4.300 
1,000 
3.500 

10,400 
3- . 3ou 

46.500 

20,100 

5.300 
55.700 

17.000 

01.600 

5.000 
92,900 

140,700 
32.-00 
.56.700 
2/ .600 
31.600 
700 

9.000 
51.200 

10.000 

36.500 
59.100 

106,000 
270.000 
409,300 
306 , 100 
103. 2c. 

0 

...... 


LDAK  C REEK  - WATERSHED  . 


2A-202  Mdbank  1.050 

2A-201  Malakof ( I.700 

2A  204  Athena  (North)  -.1-0 

2A  205  Athens  (Ueetl  6.740 

2A  200  Trinidad  1.000 

2A  200  .edar  reek  Lake  Area 

2B  191  Wllle  Point  2,-dO 

2C  192  TerrelT  (Fin**  reek.  .-.000 

. 193  Terrell  'Ba>ne*or  reek  > 1,500 

2C  196  kd.it  nan  4.900 

2<  199  Hemp 


1.3ju 

2,020 

/^U'j 

1.520 

3,000 

2.450 

16.000 


090 

-6.550 


1 . 390 
2.230 
. . 090 
8.150 
i .670 


2.500 
1 7.000 
2.000 
5.200 
9»o 
yj.nc 


1.510 

2.700 

5.930 

9.090 

2,010 

2 .600 
19.000 

5.000 

6.000 
i.ooo 

60.4*/ 


1.600  1,900 

3,500  4,600 

7.700  10,500 

13.0UO  17,500 

2.600  3,600 

6.600  9,700 

2.700  2,00- 

21.000  22.500 

11.000  22 , 500 

6.700  0,100 

ij  100  lj200 

78.300  305,300 


.AST  FO03  TRINITY  WA.LkSMlL  » 

1A  57  North  Seagov  i . te  Area 
JA  58  Seagovllle 

IA  61  randai  1 
SB  15  Farmer -vl lie 

10  16  ■ ■/.  kwa  . 

IB- 20  Heath 
10  51  FotlMv 

h -9  : .'«*  "•« 

JC  -51  North  Mesquite  Creek 

It -54  Meeqult. 

11/- 2 3 Sunnyvale 

)./  4 5 arland  Mower  * ulett  t«ek. 

I,/  4 5 arland  u.jwer  Du  k i«* 

ID  6 7 ri . hardvn  < Du*  k reek) 

K*  6 7a  .arland  (Lppar  Du.  * »»*«> 

ID-670  arland  (Middle  >u.  k reeki 
JD-67B  Mesquite  and  .alia-  ' D>- * ree.  . 
IE- 25  Allen 

U 24  Plano  (Rowlett  reeki 
IE- 31  Richardson  (Rowlett  i««»i 
It  33  ;ar  lan.l  (Spring  reeki 
3E-35  Saehse 

3E-40  Rowlett  (Rowlett  i reek i 

IE  40  Rowlett  'Muddy  trek 

It  40  .arland  (Rowlett  1 reek/ 

IF  65  Ri.  hardsun  'Spring  reek  i 
JK  6V  Plano  'Spring  reeki 
Jr.  3-  Wylie 

IH  1 Anna 

3H  > nnev  (North) 

)H  24  Mi  klnney  (South) 

31  0 Van  Alatvne 

Jl-5  Princeton 

U 7 Tom  Bean 

V S Blue  Ridge 

3.1-11  T tent  on 

LI  - 1*  Leonard 

Subtotel 


0 

4,210 

•M 

1.850 

4.5O0 

0 


55.000 
0 
0 

3.0  50 
18.600 
, 4 . >00 
1. 110 
1.800 
-.500 
0 

5.170 

0 

440 

14.000 
j ,8oG 

l 3.500 
2.890 
450 
0 

16.600 
1.700 
600 
400 
290 
000 
1,070 
199. 50 


4.100 

5.000 

2 . 2 >0 
0.500 

1.000 
1.810 
7,300 

6.94U 

61.100 


24.000 
3.200 
1.  '00 
1 2 . 800 
860 


21.000 
0.600 
2 1 . 900 
1,600 
600 
0 

19.400 
l . 900 
900 

>50 

04Q 
1 . 1 00 
29».2iO 


6,100 
7.600 
88o 
2. 100 

14.000 

1.900 
2.U0 
1.200 

11,700 

72.200 

12.000 

5.000 
10. <300 

8.000 

49.000 

30.000 
-.800 
9. -'Ai 

31.200 

2.900 
1 « . >00 

6.4>3 
1.500 
l .500 


- . 300 


22. 1'W 

l . ooO 


.. 


9. 700 
11,400 
1.100 
2.400 

23.000 
5.00*3 
2.960 
>.200 

19.300 

90.. 'ow 
19.600 

12.000 
10.800 

15.000 
• ,M 

48.000 

6,1 

30.000 
69.-00 

9.100 
40.900 
500 
3.400 
3.-00 
4 7 ,0*30 


• OU 
190 


1,340 

FU.titi 


14.900 
15.700 

1,300 

32.000 
.Duo 

7,600 
26 . ' JO 
117.800 
-2.500 

12.000 
18.000 
2 J . i/00 

61.900 

40.000 

■ 1 . 900 
o2 . ’Ov 

17.200 

10. 200 
7.500 
7.500 

50. 000 
2 .000 
01.500 

0.600 

600 


>6.-00 


1.500 

4*8 ,8. 


21.800 

27.500 
2 .000 
2.70U 

1-  .400 
Id.OOV 
5,500 
12,400 
-i ,900 
126,000 
-2.50c 
12.000 
18,800 
25,700 
6. .90- 

48.000 

-.0-JC 

89.000 

09.000 

. 

iB^iOO 

10.500 
10. 500 
>2.000 


9*. >00 
1 I.5U0 
600 


IL.M  I k>  t»-.n:  n - wa : * r • HtL  * 

•A  01  Lewisville 

•»  112  rapevlne  creek 

6A  ll*  Ha  - k 6er  r » Creek 

4g  11  •'  arraUt  >n 

*A  120  Farmer*  Branch 

•A  172  alias  (California  rasa 

SA  161  up  pel  1 


13.000 
0 
0 

17.000 

26.000 
5.100 

9*3 . 90*> 
0 


t>.<70v 
2.500 
3.00*3 
27.000 
27.000 
» . 200 

100.  1 5*3 
1 .930 


21.000 
9,100 
11,000 
36 . 3t»G 
12  . "30 
>.700 
117.580 
5.5*0 


30.000 

I'.OOO 


>6.300 

3 7 ,000 


61 .0*90 

43,1300 


TABLE  V-3.  PROJECTED  SEWERED  POPULATION  IS  THE  : 


Node  No.' 1 * Location  1970 

ELM  FORK  TRINITY  - WATERSHED  4.  continued 


-0-150  Justin 

-B-151  Koanoke 

40-156  urapevlne 

-0-159  Future  Development 

-0-161  Future  Development 

4C-50  Mueneter 

-C-51  Myra 

4C-54  Lindsay 

4L-55  Gainesville 

4L-50  Valley  View 

4C-70A  Lake  walla* 

4C-71  Denton 
4C-74  Camp  Copass 
4C-  :6  Shady  Shore* 
-C-206  Prosper 
4C-209  Finn 
4D-100  Krum 
4D-IU-  Argyie 
-E-2  Rcr-stOO 
4E-3  Leo 
4E-0  bolivar 
4E-10  Sanger 
4F-60  Pilot  Point 
4F-64  Aubrey 
-F-20O  Gunter 
4F-204  Cel  1 na 
-..-213  Collinsville 
4C-214  Tioga 


1.250 

610 

B.OOO 

0 

0 

1,300 

110 

310 

.'..660 
610 
800 
40.000 
150 
120 
320 
2. 000 
-50 
250 
120 
00 
110 
1 .800 
2.100 
660 


Subtotal 


540 

.30 

226.160 


81  BEAR  CREEK  AND  LITTLE  hLAf  ktU  WAILKmiLw-  5A  A/L 


5A  19  Regional  Airport 
5A-20  Keller 
5A-21  Southlake 
3A-22  Southlake 
5A-2J  Colleyvlile 
5A- 24  Grapevine 
5A-30  Irving 
5A-bo  Greenvlew 
50-25  N.  Richland  Hills 
50-26  Hurst 
50-27  Bedford 
59-20  olleyvllle 
5b  29  Euless 


0 

1,160 

820 
. .050 
3.500 
6.0 


Subtota . 


WATERSHEDS  5C.  5D.  5E.  5E 


5C-1  Venus  370 

5C-65  Grand  Prairie  31.200 

5C-208  East  Mountain  Creek  300 

5C-211  East  Mountain  Creek  200 

5C-350  Kirby  Creek  30.880 

SC-450  Future  Development  70 

5C-451  Future  Development  210 

5C-452  Future  Development  210 

5C--51  Future  Development  100 

5C-500  Midlothian  1.6-0 

31  -21-  Mansfield  2.370 

5D--48  Future  Development  80 

5D-449  Future  Development  60 

St-195  Arlington  -7.»00 

5F-184  Euless  * West ) 8. '3  u 

5F-186  Arlington  4,36o 

....  i 

5F-190  Arlington  4,160 


WEST  F"FU  TRINITY-WATERSHED  5 

50-123  Fort  Worth 
>130  Burleson 
y.  132  rowlev 
W.-II4  Fort  Worth 
50-136  tvcraan 
>.  117  kennedale 
* . i - nmt  N 

5H - 1 • 1 hanfi-.d  *E  til*  Home  Park 
lM-i«l  ill  .oaih  Mobile  Home  Fark 
,H  l-  i L » 7!  Mobile  Home  Paik 
5«-i46  Dal  wort ton  i -»roen» 

511  1-9  Treetop  Mi  bile  (fc»se  Park 
5H-130  Treetop  M*  Bile  Home  Park 
>M  151  Tiasbleweed  Mobil*  Home  Park 
5H  1*6  Wilson 
5H  I >■'  Parsons 
SM-158  Pantegi. 

,H  199  Arlington 
5H  2'3 0 Arlington 

S.  klv  hlar.U  hi  1 U 
53-117  Watauga 
51  117  Hurat 
.1*  Hurst 
168  Klchlanu  Hills 
5J-112  RuhUnd  Hills 
>7  MS  Halt-*  its 
5*  166  Saginaw 
5k  If  Blueeeund 
f.  92  1 rt  Worth 

5M-92  F^>rt  Worth 
Wt  . . 1 Pott  Worth 


40.990 
2.9  50 
1 .060 
. . . 

2.120 

1.740 

- . 

110 


9 50 


50 
1 .140 
8.710 
0.710 
12.400 
9*0 

4.210 

...  2 9 i 

4.1513 
4.350 
75.6-'/ 
i .650 
1 .260 
*0.990 
29.  I9G 
60.180 


1975 


1.35o 
25.  jo/ 


* • 4 >0 
110 
330 
17,050 


90o 

900 

51.500 

180 

1)0 

2.070 

50o 

1)0 
90 
130 
2 . 000 
*.300 


1.670 

--- 

293.-90 


2.000 
1.220 
1,220 
3 , 3 1 V 
10.900 
3.750 
-10 
2.000 

4.000 

1.000 
0 

6 5 . • 60 


390 
36.S90 
2.010 
3.770 
>•..90 
450 
1.410 
1.530 
6-0 
1 .940 
2.  5*0 
560 
410 
56.630 
22.090 
5.170 
4,230 
5.170 
. 0- , 00 


300 

.05o 


loo 
. ,s)u 
10.130 
10.330 
*7.280 
).«2o 
31.1*0 

I..  5*0 
5. 090 
) , 0*0 
«. .670 
2.080 
2.410 
63.0*0 
17.820 


. ye. 


"00 
-0, OOo 
130 
130 
1.7V0 
120 
350 
10,300 
1.000 
1.100 
62.000 
200 
160 
4 30 
2.150 


1990 


2.250 
690 

5- . jDo 
200 
200 
2.900 
160 
380 

21,600 

1.250 
1 .401) 

'O.ooO 

2B0 

210 

2,340 


310  -30 

140  180 

100  110 

150  20u 

2,409  3,000 

2.700  3,200 

1,250  1.700 

690  0.0 

1,739  I. 000 

6)0  750 


3 3. «4v 
3.8)0 
1 .600 
1.680 
9.000 
17.4)0 
6,310 
4 30 

-.500 

1.500 

0 

13.000 


40.0O0 

j.900 


15.670 

23.653 


0 

14,500 
1 ii',900 


20, 

26. 

21. 


V. 


490 
-5,240 
3.070 
6.4)0 
. 6 5v 

2.0)0 

15.280 

6.490 

2.350 

4.750 

5.550 


7.030 
8.500 

7.030 


79.750 


1.000 


600 

1.700 


60.430 
-.51c 
11.700 
5 1 . 900 
0.9  70 

5,650 
30.569 
. . .00c 


0..00 
. . 1 . .VO 

56.090 

I0..9U 

10.190 

jlOj29y 

-3C..60 


105.000 
*.  lOO 


5.490 
I 1.890 
10.900 


£ 


16,< 

5*1 

20J 

1)J 

10.4 

lSlJ 


13. 

31. 


ll?4 


>! 


(00  2.290 

1.200  4.700 


1 .89*j 


2.800 
. 4 , 0 5o 
14.050 
25,000 


5.860 
53.000 
6. OOo 
2.83(1 


- .-VO 

2.150 
3.490 
4.0  >0 
20.380 
20.  >89 
31.590 
7 ,»*0 

.4.,  19 


T,  * *0 
7.270 
70.910 
10.800 
J.  >50 
105.600 
- 1 . «60 
i*C,s*0 


4 


1 


\ 


>lng) 


PROJECTED  SEWERED  POPULATION  ’.S  'HI.  SCt  - - STUiV  Akt-A 


Subtotal  228.180 


*(  . i y : r ' r.;  ;>  -a:  K 

SN-»*  Edged  Iff 

5N-9/  Fort  north 

SH-M  Fort  Worth 

j'A-ri  Fort  worth 

iS-l'JV  Fort  north 

iS- 100  Fort  Worth 

3Q-71  Bei.br  ouk 

i0 -22  St.  Franc  is  VlllaRe 

50- <3  Weatherford 

JQ-75  Lake  Weatherford 

5Q-/6  Aiedc 

is- 10  Chico 

iS- 19  Bridgeport 

5S-23  Runawav  Bav 

5S-25  Wlaard  Well* 

3S-35  Jernyn 

5S-33  Jacksborc 

5S-39  Decatur 

SS-4J  Paradise 

5S-W0  Bovc 

iS-46  Aurora 

5S-W6  Rhone 

5S-w 7 Newark 

5S-51  Reno 

iS-ilA  La  Junta 

SS-ilA  Highland  Addition  . 

IS- 52  Sprlngtown 

SS-i9  Lakeside 

SS-btl  Lake  Worth 

iS-63  Sanson  Pars 

«V.t  vrr  hill* 
iS -89  Rivet  aks 

iS- ?Q  West worth  Village 


ST*4  Lake  Aaon  C.  Carter 

»“*  Sunset  ** 

i-'v  Park  Springs 

W-ll  Alvord 

Subtotal  SU.1M 

CHAMBERS  .SEEExWwlEHac~1:  REEK  WAl  LR  >HUJ  10 

10A-B0  Alvarado  l.*«X 

10A-81  Maypear  • *8< 

IOA-93  Grandview  1.0b< 

10A-8W  Italy  2.*W 

10A-88  Milford  -0< 

1QA-97  Corsicana*  22. S0< 

1 M - V9  Forrest. n - 5' 

10B-B9  Waxahachle  17.00( 

luB-iaw  Bardvel  1 2W 

Subtotal* 

- - in  . 


AB1M 

12A  IS  Revs*  Cttv 
12A-5G1  Josephine 


Node  riuisbets  ! 

iivatsent  plai 
population  fr. 


.. 


transportation  or  other  factors.  I infer  such  controlled  conditions,  the  population 
distribution  projected  herein  should  he  adjusted  as  applicable. 


WATER  CONSUMPTION 

Vvailahle  municipal  water  consumption  and  sewage  flow  data  were  obtained  in  the 
1668  inventory  b\  Forrest  and  Cotton,  Inc.  and  Freese,  Nichols  and  Endless,  which  i' 
described  in  Chapter  III.  These  data,  together  with  more  recent  In  obtained  data, 
provide  the  broadest  and  most  reliable  basis  for  estimating  present  average  dailv 
sewage  flows.  Water  supply  data  for  all  of  the  cities  were  utilized  to  determine  the 
present  average  dai l\  water  consumption  rates  in  the  stud v area. 

Water  consumption  consists  of  the  total  amount  of  water  used  h\  residences, 
commercial  establishments,  industries,  etc.  Flu-  total  cpiantitv  of  water  used  in  the 
'tudv  area  in  1667  was  estimated  in  the  inventor)  to  be  about  27  I million  gallons  per 
dav  Imgil)  as  shown  on  I-  i g.  \ -2.  To  obtain  the  average  per  capita  li'age.  this  cpiantitv 
was  divided  hv  an  estimated  population  of  2. 18b. 000  (as  developed  from  the-  1667 
Invcntorv  data),  the-  approximate  total  number  of  people  served  hv  existing  municipal 
water  systems.  The  resulting  average  dailv  water  consumption  was  about  12b  gallons 
per  capita  per  dav  (gped  tint  be-  study  area  as  show  n on  Fig.  \ -3. 

Based  on  Texas  Water  Plan  projections  of  water  use  in  the-  area,  it  is  estimated  that 
future  consumption  will  increase  at  an  average  rate  of  about  I percent  per  year 
through  the-  year  2020.  This  increase  appears  reasonable  and  in  line  with  those 
ant  icipated  in  other  part  s of  t he-  count  ry  and  reflects  a greater  use  of  w a ter-eonsu living 
devices  such  as  lawn  sprinklers,  air  coin! i l io tiers,  automatic  washing  machine’s,  garbage 
disposal  units  and  dishwashers.  It  is  thus  anticipated  that  per  capita  water 
consumption  may  approach  200  gpe  d by  the  year  2020. 

During  the  1667  to  2020  period,  the  total  populal  m served  with  water  within  the 
study  area  i'  expected  to  increase  from  about  2,186,000  to  7,557.000.  Therefore,  total 
water  consumption  is  expected  to  increase  from  274  mgd  to  about  1.510  mgel.  The 
estimated  total  water  requirement  for  the-  study  area  in  the’  year  2020.  as  presented  in 
The  Texas  W ater  Plan,  is  about  1 .400  mgd. 

SEWAGE  FLOW 


Total  sewage  flow  is  made  up  of  three  components  hased  on  source:  sanitary  sewage, 
industrial  wastewater,  and  infiltration.  Each  of  these  components  must  be  evaluated 
separately  to  establish  a sound  basis  for  present  and  future  estimates  of  flow.  Flic  flow 
records  of  existing  sewage  treatment  plants  w ere  gathered  in  the  inventory  prepared 
hv  Forrest  and  ( lot  ton.  Inc.  and  F reesc.  N idled'  and  F.ndrcss  for  N( . I ( .( )( » in  1 6t>}{.  \n 
additional  inventory  of  major  waste-water  treatment  plants  was  conducted  in  this 
study  to  provide  current  information  as  discussed  in  (.hapter  IN  (.omplete 
questionnaires  resulting  from  the  latter  inventory  are  presented  in  Nppendix  B and 
have  been  lit ilized  to  determine  the  average  daily  per  capita  sanitary  sewage  Hows.  I he 
amounts  of  waste-water  contributed  by  residential  population,  industrial  and 
commercial  establishments  and  infiltration  are  included  in  the  sewage-  flows  recorded 
on  t he-  quest ionnaires. 
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The  estimated  average  daily  quantity  of  sewage  discharged  in  1967  from  sewered 
portions  of  the  study  area  was  about  201  mgd  as  shown  on  Fig.  A -2.  This  quantity  was 
divided  by  an  estimated  sewered  population  of  about  2,044,000.  the  approximate 
number  of  people  served  by  existing  municipal  sewerage  systems  in  1967.  The  resulting 
estimated  average  daily  sewage  discharge  was  98  gpcd  in  the  study  area  as  shown  on 
Fig.  \ -3.  This  represents  about  78  percent  of  the  average  daily  per  capita  water 
consumption,  and  consists  of  the  sum  of  used  water  actually  returned  to  the  sewers 
including  sanitary  sewage  from  residential  and  employment  populations,  industrial 
wastewater,  and  infiltration.  Average  annual  infiltration  is  estimated  to  be  about  20 
percent  of  the  total  annual  sewage  flow. 

The  projected  population  served  by  sewers  in  the  year  2020  is  expected  to  be  about 
7,557,000  which  is  the  same  as  projected  for  the  population  expected  to  be  served  w ith 
water.  It  is  considered  reasonable  to  assume  that  about  75  percent  of  the  water 
consumption  will  represent  the  sewage  flow  through  the  year  2020.  On  this  basis  the 
average  per  capita  sewage  flow  for  municipal  systems  is  expected  to  increase  from  98 
gpcd  to  150  gpcd,  based  on  residential  population  served,  by  the  end  of  the  study 
period  as  shown  on  Fig.  \ -3.  This  will  result  in  an  increase  in  estimated  average  sewage 
flow  from  201  mgd  to  1 130  mgd  as  shown  on  Fig.  \ -2. 

The  average  sewage  flows  to  treatment  plants  serving  the  individual  cities  in  the  study 
area  vary  widely.  To  develop  rational  criteria  for  this  study  it  was  considered  that  the 
above  sewage  flows  apply  to  residential  population  only,  and  have  divided  these  flows 
into  two  categories:  flows  characteristic  of  the  Dallas-Fort  AAorth  metropolitan  service 
area  and  flows  characteristic  of  all  other  service  areas.  These  service  areas  are  discussed 
in  terms  of  watersheds  and  joint  systems  in  Chapters  I\  and  X.  The  estimated  196. 
average  sewage  discharges  for  these  two  categories  were  100  gpcd  and  85  gpcd. 
respectively,  as  shown  on  Fig.  A -4. 

peak  sewage  flows 

The  relation  of  maximum  and  minimum  domestic  sewage  discharges  (including 
sanitary  sewage  from  residential  and  employment  population  and  normal  industrial 
wastewater)  to  the  average  daily  discharges  which  have  been  used  for  this  study  is 
shown  on  Fig.  V-5.  The  curves  shown  on  the  figure  were  derived  from  records  and 
extensive  flow  measurements  by  Camp.  Dresser  & McKee  in  a large  number  of 
municipalities.  These  curves  have  been  published  in  the  recently  revised  ASCE 
Manual  37  (VI  PCF  Manual  No.  9)  on  the  “Design  and  Construction  of  Sanitary  and 
Storm  Sewers."  They  are  not  applicable  for  small  areas  where  the  average  rate  of 
discharge  is  less  than  0.1  mgd.  For  such  low  rates  6.0  may  he  used  as  the  ratio  .if  peak 
flow  to  average  daily  flow. 

CHARACTERISTICS  OF  SANITARY  SEWAGE 

Sanitary  sewage  flow  consists  of  all  wastewaters  discharged  from  sanitary  fixtures  in 
homes,  businesses  and  industries.  Characteristics  of  sanitary  sewage  which  are 
commonly  used  to  indicate  its  strength  are  concentrations  of  coliform  bacteria,  the  5- 
da\  20"C  biochemical  oxygen  demand  (ROD)  and  suspended  solids  (SS).  Additional 
important  characteristics  of  sewage  are  pathogenic  bacteria  and  viruses,  nitrogenous 
ROD.  settleahle  solids,  nutrients  (such  as  nitrogen  and  phosphates),  chlorides  and 
sulfates. 
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Sanitary  sewage  contains  the  waste  products  of  man's  life  processes,  including  disease- 
causing  organisms  or  pathogens.  Evidence  of  recent  pollution  by  sanitary  sewage  is 
considered  to  be  indicated  by  the  presence  of  fecal  coliform  bacteria,  i.e.  coliforms 
whose  normal  habitat  is  the  lower  intestines  of  warm-blooded  animals.  These  coliform 
bacteria,  while  not  pathogenic  themselves,  indicate  the  possible  presence  of  disease- 
producing  bacteria  and  viruses  which  can  produce  such  diseases  as  typhoid  fever  and 
hepatitis  in  man. 

Vi  hile  100  to  400  billion  fecal  coliform  bacteria  are  excreted  dail\  per  person,  these 
bacteria  die  off  at  about  the  same  rate  as  the  typhoid  bacillus.  Because  of  their  large 
numbers,  fecal  coliforms  therefore  commonly  are  measured  as  the  indicator  of  water 
pollution  that  is  dangerous  to  public  health.  The  concentration  of  coliform  bacteria  is 
expressed  in  most  probable  number  (MPN)  per  100  milliliters  (ml).  Normal  municipal 
sewage  in  dry  weather  contains  about  50  to  300  million  fecal  coliforms  per  100  ml. 

The  BOD  indicates  the  amount  of  decomposable  organic  matter  present  in  sewage  and 
represents  the  amount  of  oxygen  consumed  in  the  presence  of  the  organic  matter  in 
the  wastewater.  The  standard  measurement  is  the  5-day  20°C  BOO  (BOD).  Suspended 
solids  indicate  the  amount  of  settleable  and  non-settleable  solids  (undissolved) 
present  in  sewage. 

At  present  about  50  percent  of  the  households  in  the  study  area  employ  garbage 
grinders  which  significantly  increase  the  BOD  and  SS  loads  contributed  to  treatment 
facilities.  The  majority  of  households  may  be  expected  to  employ  such  units  in  the 
future. 

Analyses  of  sewage  at  all  existing  treatment  plants  were  summarized  in  the  1968 
inventory,  and  those  for  25  major  plants  were  updated  in  this  study  as  shown  on  the 
questionnaires  in  Appendix  B.  Characteristics  of  sewage  handled  by  22  major  sewerage 
systems  in  the  study  area  are  summarized  in  Table  V-4.  Based  on  these  characteristics 
and  the  expected  increase  in  the  use  of  garbage  grinders,  the  future  per  capita  BOD 
and  SS  content  of  sanitary  sewage  in  the  l pper  Trinity  River  Basin  has  been  estimated 
as  indicated  in  Table  Y-5. 

TABLE  V-5 

PROJECTED  UNIT  BOD  AND  SUSPENDED  SOLIDS  LOADINGS 

Year 

Dallas-Fort  Worth 
Metropolitan 
Service  Area 


Average  Loading* 

1970 

1990 

2020 

1970 

1990 

2020 

BOD  (lb.  per  day  per  capita) 

0.25 

0.26 

0.28 

0.17 

0.18 

0.20 

Suspended  Solids  (lb.  per  day  per  capita) 

0.26 

0.28 

0.30 

0.20 

0.22 

0.24 

‘Loadings  are  expressed  in  terms  of  residential  population  and  include  industrial 
waste  loads. 


All  Other 
Serv  ice  Areas 


TABLE  V-4 . SEWAGE  CHARACTERISTICS  FOR  SELECTED  SEWERAGE  SYSTEMS (1> 
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\\  here  present  values  are  greater  than  shown  in  Table  \ -3.  greater  unit  loadings  ha\ e 
been  used.  This  is  of  particular  significance  in  evaluating  the  capabilits  of  existing 
treatment  plants  to  adequate!)  treat  expected  future  sewage  flow-. 

INDUSTRIAL  WASTEWATER 

To  design  the  sewerage  ssstem  it  is  essential  to  estimate  the  quantity  and  quality  of 
wastewater  discharged  from  those  industries  that  will  require  treatment  in  the  future. 
( fills  a few  industries  in  the  studs  area  discharge  large  amounts  of  process  wastewater. 
Vs  indicated  in  (lhapter  111.  the  industries  in  the  studs  area  are  considered  as  light 
industries,  i.e..  the\  discharge  small  amounts  of  wastewater  primarils  associated  with 
-an i tars  comenieiices. 

Present  l\  most  of  the  existing  industries  discharge  their  wastewaters  into  munic  ipal 
sewerage  svstonis.  These  di-charges  are  included  in  the  flow  data  presented  in  I aide  V - 
f and  are  included  also  in  the  average  dails  flows  shown  on  figs.  \ -2.  3 and  l.  I lies 
have  been  allowed  for  in  the  projected  per  capita  sew  age  f loss  - a-  pres  ion- Is  discussed. 

Kxisting  industrial  wastewater  flow  rates  from  industries  outside  pro-cut  sewerage 
sers  ice  areas  base  been  determined  from  actual  (low  record-  and  est  i mates.  Significant 
industrial  waste  information  from  industries  in  these  areas  is  shown  on  the 
questionnaires  in  Vppondix  ( 1.  These  industries  arc  located  as  show  n on  l igs.  I \ - 1 and 
l\-2  and  schematic  alls  on  fig.  Ill -2.  Mows  and  loads  from  these*  industries  are 
included  where  applicable. 

F.aeh  industrial  waste-water  should  be  earefulls  auah/ed  before  being  allowed  to 
discharge  into  a sewerage  ss-tem  for  subsequent  treatment.  Specific  characteri-t ics  ol 
individual  industrial  flow-,  present  and  future,  mas  reeptire  pre-treatment  at  the 
sources  to  present  disruption  of  the  municipal  treatment  process  or  lor  protection  ol 
the  sewerage  -s-tem  from  toxic  or  exceptional!)  strong  wastes.  Frequentls.  it  i* 
practical  and  economical  for  the  large  water-users  to  treat  their  own  individual 
wastewaters,  e-pc-cialls  if  reuse-  of  water  and  recovers  of  material  i-  possible.  Such 
reuse  i-  likels  to  increase  in  the  future  and  is  discussed  in  detail  in  ( hapter  \ I. 

It  i-  anticipated  that  little-  or  no  development  of  large  wastewater  producing 
industries  will  occur  within  the  studs  area  and  further  that  the-  practice  of  waste-water 
reuse-  will  increase-.  However,  sail  i tars  sewage-  flow  s from  the  ant  ici  pa  ted  I in  lit  indu-t  rs 
are-  considered  significant  as  discussed  above  and  base  been  estimated  based  on 
projected  emplosment  population  ligure-s. 

INFILTRATION 

In  designing  sanitars  sewers  and  estimating  the  total  flow  to  lie-  expected  from  areas 
alrcads  sewered,  allowances  must  he-  made  for  the-  unwanted  entrance  of  groundwater 
and  surface-  waters  into  the  se-wc-rs.  The  entrance  of  such  waters  places  an  undue  and 
expensive  burden  on  sewers  and  treatment  plants  bs  requiring  the  collection  and 
treatment  of  those  waters  which  become  mixed  with  sanitars  sewage  and  industrial 
wastewater-.  Those  unwanted  or  extraneous  waters  are  referred  to  as  infiltration  and 


are  discussed  in  Chapter  III.  The  quantity  varies  with  the  type  and  tightness  of 
construction,  age  of  sewer,  groundwater  elevation  and  permeability  of  the 
surrounding  soil.  Infiltration  also  varies  from  season  to  season  as  the  groundwater 
table  rises  and  falls;  it  being  usually  lowest  during  prolonged  dry  periods  in  the 
summer  and  highest  during  the  spring. 

Efforts  should  he  made  to  reduce  infiltration  and  other  wet  weather  flows  wherever 
possible  in  the  existing  sewers  to  permit  them  to  function  more  effectively.  Since  the 
cost  of  sewage  treatment  is  determined  by  volume  and  strength  of  the  wastewater, 
important  sayings  in  construction  and  operating  costs  can  lie  realized.  Reduction  of 
infiltration  can  result  in  longer  useful  lives  for  existing  and  recommended  facilities. 

The  high  per  capita  sewage  flows  during  wet  weather  periods  occuring  in  several 
existing  sewerage  systems  such  as  Richardson.  Garland  and  Fort  Worth  hear  further 
detailed  investigation  beyond  the  scope  of  this  report.  It  is  strongly  recommended 
that  a program  of  sewer  gaging,  followed  by  a photographic  or  television  survey  of  the 
sewers  found  to  he  contributing  the  heaviest  infiltration  flows,  be  initiated 
immediately  before  proceeding  with  any  sewage  treatment  plant  expansion. 

Comparisions  of  the  hourly  sewage  and  water  pumping  rales  during  the  early  morning 
hours  should  he  made  where  possible. 

Flow  records  of  some  of  the  existing  treatment  facilities  in  the  study  area  have  been 
examined  to  determine  present  infiltration  rates  into  existing  sewers.  In  addition,  the 
design  allowances  currently  being  utilized  by  the  engineering  consultants  and  public 
agencies  in  the  area  have  been  reviewed. 

Flow  data  collected  during  March  and  \ugust  of  1%8  for  the  Fort  Worth  and 
Vrlington  service  areas  were  used  to  estimate  infiltration.  Other  available  records 
within  the  study  area  have  also  been  utilized.  In  general,  for  existing  sewers.  750  gal 
per  acre  per  day  (gpad ) is  considered  to  he  re  presen  tut  i v e of  the  maximum  infiltration 
rate  for  presently  developed  acreage. 

It  is  recommended  that  all  sewers  constructed  in  the  future  be  provided  with 

compression*!  ype  joints  to  reduce  inf  ill  rat  ion  as  discussed  in  Chapter  III.  In  addition, 

it  is  assumed  that  more  stringent  regulations  concerning  house  connections  will  he  , 

adopted  in  the  future  and  that  elimination  of  excessive  leakage  and  unwanted 

connections  will  be  accomplished.  Also,  it  is  reasonable  to  expect  that  continuing 

programs  of  sewerage  system  maintenance  and  repair  will  be  in  effect  in  the  future. 

Infiltration  rates  for  new  sewers  should  fall  within  the  State  requirements  for  design, 
inspection  and  construction. 

Inasmuch  as  sewer  systems  are  expected  to  expand  greatly  and  to  become  generally 
tighter  an  allowance  of  750  gpad  for  the  maximum  infiltration  rate  based  on 
developed  acreage  i-  considered  reasonable.  \t  a residential  population  density  of  II) 
persons  per  acre  (ppa)  a maximum  per  capita  infiltration  allowance  of  75  gpcd  results, 
and  this  allowance  has  been  used  for  preliminary  flow  estimates.  Excessive  wet 
weather  flows  caused  by  higher  rates  of  infiltration  may  be  carried  by  the  trunk  sewers 
up  to  their  full  capacities.  Such  excessive  flows  may  require  the  construction  of 
additional  storm  flow  treatment  facilities  at  some  locations. 
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The  selected  design  allowance  of  750  gpad  is  about  two  times  the  State  specification 
test  allowance  (500  gpd/mile/inch  of  diameter),  assuming  an  average  sewer  pipe  size  of 
10-in.  The  allowance  is  based  on  proper  design  and  construction,  adequate  inspection 
and  the  use  of  modern  preformed  compression  joints,  and  includes  an  allowance  for 
unavoidable  leakage  residting  from  house  connections.  The  total  length  of  house 
connections  on  a sewerage  system  often  exceeds  the  total  street  sewer  length. 

Design  infiltration  allowances  used  for  this  study  have  been  made  with  the 
consideration  that  annual  infiltration  rates  throughout  the  study  area  will  remain 
generally  constant  through  the  year  2020.  Such  rates  combine  the  effects  of  increased 
infiltration  into  existing  systems  and  less  infiltration  into  new  sewer  systems. 

SUMMARY  OF  PROJECTED  FLOWS  AND  LOADS 

Projected  average  sewage  flows  and  loads  to  each  node  or  loading  point,  not  including 
flows  and  loads  from  upstream  loading  points,  are  summarized  in  Table  \ -6.  These 
flows  and  loads  include  sewage  flows  from  projected  residential  and  employment 
population,  industry  and  infiltration  are  discussed  above.  Projected  flows  and  loads  to 
each  loading  point  in  the  recommended  regional  sewerage  system  are  presented  in 
Chapter  \. 
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Node  1 

Location 

Avg-Flow 

Ho. 

Same 

i 

TRINITY 

RIVER  WATERSHED  1 

1A-211 

Kerens 

0 .12 

LA-239 

NIPAK.  Inc . 

0.33 

ib-92 

Ennis  North 

0.27 

lb- 92 

Sonoma 

0.06 

1C -91 

Palmer 

0.05 

1C -91 

Middle  ked  Oak  Creek 

0.00 

1C- 91E 

Lower  Red  Oak  Creek 

0.00 

1C-174 

Cedar  Hill 

0.  12 

1D-U5 

Wiiaer 

<3.13 

10-163 

Ferris 

0. 12 

10-167 

Lancaster 

0.80 

ID-167A 

tpper  Red  Oak  Cteek 

0.00 

10-169 

De  Soto 

0.47 

ID- 170 

Woodland  Hills 

O.00 

ID— 1 73 

Duncanville 

1.00 

IE- 14  7 

Kleberg 

0.  36 

. . • , 

baich  Springs 

0.62 

IE-150 

Seagoville  red.  Cor.  Inst. 

0.07 

IF- 146 

Prairie  Creek 

5.04 

1F-146 

Elam  Creek 

1.77 

IF  - 146 

Five  Mile  Creek 

11.43 

10-143 

Hutchins 

O.U 

1H-64 

Plano  (Whit*  Rook  Creek) 

0.00 

1H-66 

Richardson  Floyd  Br . 

1.60 

1H-2J3 

Ri <-  uardsun  cottonwood  creek 

2.68 

1H  235 

Upper  White  Rock  Creek 

2.03 

IH  2 36 

Middle  White  Rock  Creek 

4.  16 

1H  2 36A 

Lower  White  Rock  Creek 

18.53 

: ; . ■ . 

Dallas  Plant  Area 

31.00 

11-175 

Coombs  Creek 

2 3 . 19 

11-175 

Fair  Park  Area 

10.96 

11-175 

Procter  6 '.amble,  Inc. 

0.  JS 

Subtota 1 

117.69 

TAfcLL  V-6. 


1970 

1975 

BOD 

SS 

Avg  F low 

BOD 

SS 

(lb  Jay) 

(lb  / day ) 

(®£d) 

day 

1 . L ..i_.  ) 

230 

270 

0.15 

270 

310 

60 

220 

0.33 

60 

220 

490 

580 

0.34 

610 

720 

100 

120 

0.07 

I2O 

1-u 

130 

150 

U.U9 

150 

160 

0 

0 

0.22 

190 

4o0 

0 

0.63 

1.120 

1,320 

550 

570 

0.  57 

1.320 

1 , 360 

680 

700 

0 • *9 

1.140 

1.180 

320 

180 

0.21 

370 

430 

3,450 

3,590 

1.81 

4.190 

4.  JaO 

0 

0 

U.30 

530 

620 

1.430 

1,460 

1.39 

3,230 

3.360 

0 

0 

0.10 

240 

250 

3.300 

3,430 

2.24 

5.200 

5,410 

1.050 

1,090 

0.75 

1,  73U 

1.800 

2,250 

2.340 

.... 

. . )0 

3.010 

180 

160 

0.08 

160 

180 

13,730 

14.270 

7.02 

16.230 

16,900 

3,850 

4,000 

2.03 

k , 650 

- , 6*0 

23,380 

24.520 

13.91 

32.200 

33.480 

400 

420 

0.27 

620 

650 

0 

0 

0.96 

1 , ? 00 

2,000 

3.620 

3.760 

J .6ft 

3,  750 

J.9O0 

7.250 

7 , 540 

3.35 

. 

6.060 

4,180 

4 , 34u 

2.59 

6,000 

o . 2-0 

6.910 

9,260 

5.05 

...  , , 

12,170 

37,600 

39.100 

19.  6 

45,  730 

- 7 , 56o 

61,250 

61, 700 

31.69 

i,830 

76, 760 

46.330 

48. 190 

2-.  55 

36.830 

39,100 

21.100 

24.020 

10-96 

23.-  >u 

26. 0 

* .930 

2 . 600 

. • 

-.960 

2 . 600 

153,220 

261 ,040 

135.40 

315,160 

326,060 

PROJECTED  SEWAGE  FLOWS  AND  LOADS  IN  THE  NCTCOG 


I960 

Avg  Flow 

BCD 

SS 

Avg  Flo* 

(ttttd) 

j 

(lb/day) 

( mgd)  - 

... 

310 

560 

0.21 

0,33 

60 

220 

0.33 

• 

610 

960 

0.61 

0.08 

140 

170 

0.11 

0.10 

180 

250 

0.15 

0.26 

-70 

550 

0.41 

0.83 

1,510 

1,730 

1.41 

0.92 

2,110 

2,290 

2.48 

0.6/ 

1,530 

1,590 

1.14 

0.2- 

-3U 

5oo 

0.  33 

3.08 

7,020 

7,290 

4.15 

0.40 

720 

6-0 

0.68 

2.17 

-.9-0 

5,130 

4.09 

0.15 

3-0 

360 

0.32 

3.19 

7.270 

7 , 560 

5.08 

1.03 

2.330 

2,440 

1.66 

1.52 

3,4o0 

3. 590 

2.10 

0.06 

180 

lyo 

0.09 

6 . u5 

19, 720 

c 

u 

c 

11.42 

2.JJ 

5,310 

5, 510 

2.85 

16.03 

36,660 

37,960 

23.44 

0.35 

810 

6-0 

0.57 

1.99 

3.60U 

-.200 

3.80 

1.82 

4 ,160 

-.320 

2.11 

3.  ;o 

8,560 

6,910 

-.53 

3.81 

0,680 

9,0*u 

5.67 

6 .21 

14,170 

14,720 

8.71 

22.69 

51 , 7-0 

33, 730 

27.65 

35.88 

6l , 620 

8-,97u 

43.35 

26 . 26 

6-, 510 

66,990 

34.51 

11.73 

26.  jo 

27,780 

12.80 

0. 53 

- , 960 

0.38 

59.56 

365.210 

377 , 940 

207.14 

<12)  AR  CREEK  - WATERSHED  .. 


LA  202  Mabank  0.07 
2A-203  Malabo! f u’  j j 
LA  204  Athens  (North)  0.2a 
2A-205  Athens  (Vest)  0.40 
2A  208  Trinidad  0.08 
2A  20a  Cedar  Creek  „ike  Area  0.00 
2B-191  Wills  Point  0.23 
2C-192  Terrell  (Kings  Creek)  1.30 
2C-193  lerrell  (Bachelor  Creek)  0.12 
2C  196  Kaufman  0.*«2 
2C  - 1 99  Kemp  w ,jti 

Subtotal  3.07 


180 

210 

0.13 

230 

27Q 

290 

3-0 

0. 19 

340 

-00 

690 

810 

0.-3 

7 60 

690 

1.150 

1 , 350 

0.  71 

1.260 

1,-80 

1 60 

220 

0. 14 

260 

300 

0 

0 

0.37 

660 

780 

410 

-60 

0.23 

-20 

-90 

2. 380 

2,800 

1 . 53 

2,720 

3,200 

260 

300 

0.15 

270 

320 

8 30 

96U 

0 • 48 

850 

c 

c 

c 

140 

160 

0.09 

_ 150 

180 

6,510 

7,650 

-.-3 

7,920 

9. 310 

0 . 14 
0.22 
0.-9 

o.ai 

0.17 

0 

0.23 
1.69 
0.20 
0 . 52 
0.09 


230  290 

400  470 

aao  l , 02u 

l.«'o  1,710 

300  3 SO 

'■  60  890 

*30 

3,060  J.570 

36U  -20 

9-0  1,100 

» 0 ft  O'J 

9,0*0  10, 330 


0.16 
0.29 
0.65 
1.08 
0.22 
0.54 
0.28 
2.06 
0.  54 
0.65 
0.11 

6.58 


a> 


Node  numbers  shown  apply  to  existing  and  potential  i 
' point* , 

»lat  1 • t r "?  adjacent  watershed-  as  »ted  bv 


TABLE  V-b.  PROJECTED  SEWAGE  FLOWS  AND  LOADS  IN  THE  NU'GOG  STLDY  AREA 


1975  198Q  1990  2000  2020 


BOD 

SS 

Avg  Flow 

BOD 

SS 

Avg  Flow 

BOD 

SS 

Avg  Flow 

BOD 

SS 

Avg  Flow 

BOD 

SS 

[lb/ day) 

(Ib/day ) 

(mgd) 

(lb/day ) 

(lb/day; 

(a«dj 

< . 1 : r ; 

( lb/day) 

(agd)  _ 

( lb/day) 

( lb  'day) 

(agd) 

(it 

Lb  -a. 

l 270 

310 

0.17 

310 

360 

0.21 

350 

430 

0.26 

400 

500 

0.35 

500 

600 

60 

220 

0.33 

60 

220 

0.33 

60 

220 

0.33 

100 

200 

0.33 

100 

200 

610 

720 

0.45 

810 

950 

0.61 

1,010 

1,230 

0.82 

1,300 

1,600 

1.23 

1,900 

2,200 

120 

140 

0.08 

1*0 

170 

0.11 

170 

210 

0.14 

200 

300 

0.23 

-00 

400 

150 

180 

0.10 

130 

250 

0.15 

240 

300 

0.22 

*00 

400 

0 . *6 

700 

800 

390 

460 

0.26 

470 

550 

0.41 

670 

820 

0.62 

1.000 

1,200 

1.37 

2,100 

2 , 500 

1,120 

1,320 

0.83 

1,510 

1,730 

1.41 

2,240 

4,990 

2.02 

3,800 

4.200 

4 . 54 

6.900 

8,200 

1,320 

1.380 

0.92 

2,110 

2,190 

2.48 

5,200 

5,600 

4.02 

8,100 

8,700 

7.11 

13,000 

1 4 . OOO 

1,140 

1,180 

0.6/ 

1,330 

1,590 

1.14 

2,390 

2,560 

1.72 

3,500 

3,700 

3.07 

5,600 

6,000 

370 

430 

0.24 

-30 

5oO 

0.33 

540 

660 

0.42 

700 

800 

0.  70 

1,100 

1.300 

4,190 

4,350 

3.08 

7,020 

7,290 

4.15 

8,710 

9,380 

5.35 

10,800 

11,600 

8.52 

15,600 

16. 70 0 

530 

620 

0.40 

720 

840 

0.68 

1,200 

1,460 

1.17 

1,800 

2,100 

2.25 

3.400 

4,1  OO 

3,230 

3,360 

2.17 

4,9-0 

3,130 

4.09 

8,580 

9,240 

6.66 

13,400 

14,400 

12.79 

23,400 

25,100 

240 

250 

0.15 

340 

360 

0.32 

680 

730 

0.48 

1,000 

1 ,000 

0.86 

1 , 600 

1,  TOO 

5,200 

5,41u 

3.19 

7,270 

7 , 560 

5.08 

10,660 

11.480 

8.01 

16,200 

17,300 

14.21 

26,000 

27. *00 

1,730 

1.800 

1.03 

2,330 

2,440 

1.66 

3,480 

3,750 

2.45 

4,900 

5,300 

*.22 

7,700 

8,300 

2,890 

3,010 

1.52 

3,460 

3,590 

2.10 

4,390 

4,730 

2.60 

5,200 

5,600 

4.85 

8,900 

9,500 

180 

180 

0.08 

130 

190 

0.09 

180 

190 

0.09 

200 

200 

0.11 

200 

20  U 

16,250 

16,900 

8. 03 

19,720 

20,480 

11.42 

23.940 

25,780 

15.73 

31,700 

34.100 

22.75 

-1,600 

4-, 600 

4,650 

4,840 

2.33 

3,310 

5,510 

2.85 

5,980 

6.440 

3.44 

6,900 

7.400 

4.96 

9,100 

9.  700 

32,200 

33,480 

16.03 

3b, 5jO 

37,960 

2 3.44 

49,140 

52,920 

29.09 

58,600 

63,000 

39.28 

71,900 

77,000 

620 

650 

0.35 

810 

840 

0.37 

1,200 

1,290 

0.80 

1 ,600 

1,700 

1 . 38 

2,500 

2 , ; oo 

1,700 

2,000 

1.99 

3 . 600 

-.200 

3.80 

6,300 

7.700 

4.96 

8,100 

9,800 

6. 78 

10,200 

12. dOo 

3,750 

3.900 

1.32 

*.160 

4,320 

2.11 

4,420 

*.760 

2.41 

4,900 

5,200 

2.75 

5,000 

5,400 

7,750 

8,060 

3.76 

8,530 

8,910 

4.53 

9.490 

10,220 

4.69 

9,900 

10,600 

5.59 

10,200 

1 1 . 000 

6,000 

6,240 

3.81 

8,680 

9,020 

5.67 

11,880 

12,790 

7.54 

15,200 

16,300 

9.04 

16,600 

17,700 

31 , 700 

12,170 

6.21 

i-,170 

14,720 

8.71 

18,250 

19.660 

11.62 

23,400 

25,100 

lb . 6* 

30,500 

32.600 

45,750 

4 7 , 380 

22.69 

51,740 

33,730 

27.65 

57.980 

62.-40 

32.83 

66,200 

71,100 

41.31 

81 .000 

73,830 

76, 780 

35.83 

81 ,820 

3-, 970 

43.35 

90.900 

97,890 

51.05 

103,800 

111,500 

62.  t2 

114,600 

122 . SOo 

56,830 

59.100 

28.28 

64,510 

60,990 

34.51 

72. 360 

77.920 

39.73 

80,100 

86.000 

*6.83 

85,700 

91,800 

25,430 

26,440 

11.73 

26,750 

27 , 780 

12.80 

26,830 

28,900 

13.83 

27,900 

29,900 

15.79 

28,900 

31 .000 

4,980 

2 , 600 

Jj G38 

• . i - j 

0.38 

• l . 

1,600 

, 

5,000 

2,600 

0.38 

5,000 

2,< 

15,180 

326,060 

159.58 

365,210 

377,9-0 

207.14 

434.400 

*69,290 

255.68 

516,300 

533,400 

343.30 

626,500 

671,900 

230 

270 

0.14 

250 

290 

0.16 

270 

330 

0.19 

300 

400 

0.25 

-00 

400 

340 

400 

0.22 

400 

470 

0.29 

490 

590 

0.41 

700 

800 

0.64 

1.000 

1,200 

760 

890 

0.49 

880 

1,020 

0.65 

1,070 

1,310 

0.90 

1,500 

1,800 

1.39 

2.100 

2,500 

1,260 

1,480 

0.81 

1 , - ■'  0 

1,710 

1.08 

1,780 

2,180 

1.61 

2,600 

3,200 

2.32 

3,500 

- , 200 

260 

300 

0.17 

300 

350 

0.22 

370 

450 

0.31 

500 

600 

0 . *8 

700 

900 

660 

780 

0.42 

7 60 

890 

0.54 

900 

1,090 

0.77 

1.300 

1.500 

1.28 

1,900 

2.300 

420 

*90 

0.25 

450 

530 

0.28 

470 

570 

0.  32 

500 

600 

0.37 

600 

700 

2,720 

3,200 

1.69 

3,060 

3,570 

2.06 

3,420 

4.180 

2.45 

4,000 

4.800 

2.98 

-.500 

5,-00 

270 

320 

0.20 

360 

420 

0.54 

900 

1,100 

1.28 

2,100 

2,500 

2.98 

4,500 

5,-00 

850 

1.000 

0.52 

9-0 

1.100 

0.65 

1.080 

1,320 

0.  78 

1,300 

1.500 

1.07 

1 ,600 

1,900 

150 

180 

0.09 

. 9 

200 

0,11 

180 

220 

0.  13 

200 

200 

0.16 

_ 200 

J 

7,920 

9.310 

5.00 

9,0*0 

10,550 

b.  58 

10.930 

13,340 

9.15 

15.000 

17,900 

13,92 

21 ,000 

25,200 

- 

TUDTjj 


Node  * ^ ^ 
No. 

Location 

Name 

Avg  Flew 
(mgd) 

1970 

BOD 

( lb/day) 

SS 

( lb/day) 

Avg  Flow 

l«Ldi 

1975 

BOD 

(lb/day) 

SS 

(lb/day) 

Avg  Flow 
(mgd) 

1980 

BOD 

( lb/day) 

( lb/dav ; 

Avg  Fla* 

(mgd)  ; 

EAST  FORK  TRINITY  - WATERSHED  3 

3A-57 

North  Seagcvllle  Area 

0.00 

0 

0 

0.47 

1,070 

1,120 

0.69 

1.590 

1,650 

1.20  m 

3A-58 

Seagovl lie 

0.35 

1,050 

1,090 

0.63  . 

1,450 

1,510 

0.87 

1,980 

2,050 

1.41  1 

3A-61 

Crandal 1 

0.05 

120 

140 

0.08 

140 

160 

0.09 

160 

190 

0.12  4 

3B—  1 

Faraersvi I le 

0.20 

310 

370 

0.22 

380 

450 

0.23 

410 

480 

0.26  1 

3B-  16 

Rockwall 

0.27 

770 

900 

0.81 

1,440 

1,700 

1. 39 

2,520 

2,940 

2.50  J 

3B-20 

Heath 

0.00 

0 

0 

0.10 

170 

200 

0.39 

700 

820 

0.54  <3 

3B-51 

Forney 

0.17 

270 

320 

0.18 

310 

370 

0.21 

380 

440 

0.32  1 

3C-49 

Long  Creek 

0.00 

0 

0 

0.24 

550 

570 

0.37 

830 

880 

0.65  3 

3C-53 

North  Mesquite  Creek 

0.00 

0 

0 

0.75 

1,730 

1,800 

1.33 

3,050 

|,1( 

2.42  4 

3C-54 

Mesquite 

5.30 

13,770 

14,310 

6.81 

15,800 

16,400 

8.23 

18.800 

19,500 

11.25  J 

3D—  2 

Sunnyvale  (Duck  Creek) 

0.00 

0 

0 

0.75 

1,730 

1 ,800 

1.37 

3,110 

3,240 

4.91  Jl 

3D- 4 5 

Garland  (Lower  Rowlett  Creek) 

0.00 

0 

0 

0.22 

500 

520 

0.57 

1,300 

1.350 

i • 490  ;§ 

3D-4  5 

Garland  (Lower  Duck  Creek) 

0 

0 

0 

0.32 

750 

780 

1.14 

2.600 

2,700 

2.33  SI 

3D-6  7 

Richardson  (Duck  Creek) 

0.56 

960 

1,000 

0.54 

1,250 

1,300 

0.91 

2,080 

2,160 

; . 86  j 

3D-67A 

Garland  (Upper  Duck  Creek) 

5.45 

9,650 

10,000 

4.65 

10,750 

11,200 

5.59 

12,730 

13,200 

7.68  S 

3D-67B 

Garland  (Middle  Duck  Creek) 

2.75 

4,750 

4,940 

2.59 

6,000 

6,250 

3.42 

7,800 

6,100 

5.95 

3D-6  7B 

Mesquite  and  Dallas  (Duck  Creek; 

0.17 

330 

350 

0.35 

800 

830 

0.55 

1,250 

1,300 

0.60  H1 

3E-25 

A1  len 

0.09 

310 

360 

0.35 

630 

740 

0.93 

1.690 

1,980 

4.21  a 

3E-26 

Plano  (Rowlett  Creek) 

0.46 

770 

900 

1.22 

2,170 

2,560 

3.r 

5,620 

6,550 

7-53  f 

3E-31 

Richardson  (Rowlett  Creek) 

0.00 

0 

0 

0.08 

150 

170 

0.29 

520 

610 

0.88 

3E-33 

Garland  (Spring  Creek) 

0.33 

790 

830 

0.94 

2,180 

2,260 

1.65 

3,770 

3,920 

5.07 

3E-35 

Sachse 

0.00 

0 

0 

0.40 

920 

950 

0.73 

1,650 

1.710 

1.80  .3 

3E-40 

Rowlett  (Rowlett  Creek) 

0.05 

110 

110 

0.11 

250 

260 

0.17 

390 

410 

4.22  m 

3K-40 

Rowlett  (Muddy  Creek) 

0.05 

110 

110 

0.11 

250 

260 

0.17 

390 

410 

4.22  1 

3E-  40 

Garland  (Rowlett  Creek) 

2.49 

3,500 

3,640 

2.27 

5,250 

5,460 

3.42 

7,800 

8,100 

5.83  1 

3F-6  5 

Richardson  (Spring  Creek) 

0.84 

990 

1,160 

0.82 

1,460 

1.720 

1.27 

2,300 

2.71  1 

3F-69 

Plano  (Spring  Creek) 

1.38 

2,300 

2,700 

2.28 

4,060 

4,780 

5.21 

9.440 

n.ooo 

9.79  I 

3C-34 

Wy  1 ie 

0.21 

490 

580 

0.34 

610 

720 

0.44 

810 

950 

67  •! 

3H-1 

Anna 

0.05 

80 

90 

0:06 

100 

120 

0.06 

no 

130 

0.07  a 

1H-3 

McKinney  (North) 

0.25 

430 

500 

0.25 

430 

500 

0.25 

450 

530 

0.25  J 

3H-24 

McKinney  (South) 

1.40 

2,820 

3,320 

1.85 

3,300 

3,880 

2.22 

4,020 

4.680 

3.65  | 

31-0 

Van  Alstyne 

0.18 

290 

340 

0.18 

320 

380 

0.20 

370 

430 

0.26  1 

31-5 

Princeton 

0.08 

120 

140 

0.09 

150 

180 

0.10 

180 

210 

o.u  J 

3J-7 

Too  Bean 

0.03 

70 

80 

0.04 

70 

80 

0.04 

70 

80 

0.04  j 

3J-8 

Blue  Ridge 

0.02 

50 

70 

0.03 

60 

70 

0.04 

70 

80 

0.04  i 

3J-II 

Trenton 

0.03 

140 

160 

0.08 

140 

170 

0.09 

160 

180 

0.10  1 

3J-I4 

Leonard 

0.09 

180 

210 

0.11 

200 

240 

0.12 

220 

260 

Subtotal 

23.30 

45,530 

48,720 

31.32 

67,520 

72,460 

47.85 

101,320 

109,070 

89.52  1 
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4A-81 

Lewisvi 1 le 

0.62 

1,960 

2,300 

1.45 

2,980 

3,540 

2.31 

4.630 

5,560 

4.09  .] 

4A-I12 

Grapevine  Creek 

0.00 

0 

0 

0.27 

500 

590 

1.05 

1,830 

2,200 

4.63  '3 

4 A- 114 

Hackberry  Creek 

0.00 

0 

0 

0.32 

520 

620 

1.59 

2,420 

2.900 

6.95  f 

4A-117 

Carrollton 

1.79 

4,250 

4,420 

2.92 

6,800 

7,160 

4.14 

9.180 

9,720 

7.00  .3 

4A- 1 20 

Farmers  Branch 

2.73 

6,500 

6,760 

2.92 

6,800 

7,160 

3.68 

8,160 

8.640 

4.63  jj 

4A-122 

Dallas  (California  Crossing) 

0.54 

1,280 

1,330 

0.56 

1,310 

I.  380 

0.66 

1,450 

1.540 

0.83  J 

4A-124 

Irving  (Delaware  Creek) 

7.60 

22 , 500 

23,400 

10.83 

25,090 

26,090 

12.26 

27,970 

29,050 

15.05  f 

4A-I63 

Coppell 

0.00 

0 

0 

0.21 

490 

510 

0.64 

1,420 

1,500 

2.51  I 

4B-150 

Justin 

0.08 

240 

290 

0.13 

270 

320 

0.15 

300 

360 

0.24  > 

4B-I5I 

Roanoke 

0.05 

120 

140 

0.06 

130 

150 

0.07 

140 

170 

0.09  1 

4B-156 

Grapevine 

0.47 

1.120 

1,170 

1.52 

3,550 

3,740 

2.59 

5,750 

6,090 

3.80 

4B-159 

Future  Development 

0.00 

0 

0 

0.01 

30 

30 

0.01 

30 

30 

0.03  1 

4B-161 

Future  Development 

0.00 

0 

0 

0.01 

30 

30 

0.01 

30 

30 

0.03  "a 

4C-50 

Muenster 

0. 14 

260 

300 

0. 14 

290 

340 

0.17 

340 

410 

0.22  ] 

4C-51 

Myra 

0.01 

20 

20 

0.01 

20 

30 

0.01 

20 

30 

0.02  .3 

4C-54 

Lindsay 

0.02 

60 

70 

0.03 

70 

80 

0.04 

70 

90 

0.04  | 

4055 

Gainesville 

1.50 

3.060 

3,600 

1.65 

3,390 

4,020 

1.86 

3,720 

4,4  70 

2.32  2 

4058 

Valley  View 

0.08 

160 

190 

0.09 

180 

210 

0.10 

200 

240 

0.14  ^ 

40  70A 

Lake  Dallas 

0.07 

160 

180 

0.09 

180 

210 

0.11 

220 

270 

0.15  ] 

4071 

Denton 

3.70 

7,820 

9,200 

4.92 

10,150 

12.020 

6.23 

12.480 

14,970 

8.17  1 

4074 

Camp  Copass 

0.01 

30 

40 

0.02 

40 

40 

0.02 

40 

50 

0.03  ’( 

40  76 

Shady  Shores 

0.01 

20 

30 

0.01 

30 

30 

0.02 

30 

40 

0.02  7 

4C-206 

Prosper 

0.03 

60 

70 

0.04 

80 

100 

0.04 

90 

110 

0.05 

4C-209 

Frisco 

0.11 

390 

460 

0.20 

410 

490 

0.22 

430 

520 

0.25  4 

4D-100 

K rum 

0.02 

90 

100 

0.05 

100 

120 

0.06 

120 

150 

o.o9  : 

4D-I04 

Argy le 

0.02 

50 

60 

0.03 

60 

70 

0.02 

60 

80 

0.05  * 

4E-2 

Ross  ton 

0.01 

20 

30 

0.01 

30 

30 

0.01 

30 

30 

0.02  .] 

4E-3 

Leo 

0.01 

20 

20 

0.01 

20 

20 

0.01 

20 

20 

0.01  J 

4E-8 

Bolivar 

0.01 

20 

30 

0.01 

30 

30 

0.02 

30 

40 

0.02  - 

4E-10 

Sanger 

0.14 

350 

410 

0.19 

400 

4 70 

0.24 

480 

580 

0.32 

4F-60 

Pilot  Point 

0.15 

410 

480 

0.22 

460 

540 

0.27 

540 

6 50 

0.34  . 

4F-64 

Aubrey 

0.06 

170 

200 

0.10 

200 

240 

0.13 

250 

300 

0.18 

4F-200 

Gunter 

0.05 

90 

100 

0.06 

130 

150 

0.07 

140 

170 

0.09  j 

4F-204 

Celina 

0.10 

270 

320 

0.16 

330 

400 

0.17 

350 

420 

0 . 20  ! 

40  213 

Coil Insvl 1 le 

0.06 

110 

120 

0.06 

120 

140 

0.06 

130 

150 

0.08  ; 

40214 

Tioga 

0.04 

80 

100 

0.04 

90 

no 

100 

120 

oM  1 

Subtotal 

20.23 

51,690 

55,940 

29.35 

65,310 

71,210 

M.0* 

83,200 

71,690 

•m 

6 2.75  "3 

ov 
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w. 
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PROJECTED  SfcWAut  FLuUS  AND  LOADS  IN  THE  NCTCOC  STUDY  AREA  (Continued) 
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» ss 

Avg  Flciw 

1980 

BOD 

SS 

Avg  Flow 

1990 

BOD 

SS 

Avg  Flow 

2000 

BOD 

SS 

Avg  Flow 

2020 

BOD 

SS 

02- 

(rcgd) 

(lb/ day) 

( lb/day) 

(°»tfd) 

(lb/day) 

(lb/day) 

(mgd) 

(lb/day) 

' Ib/dav) 

<j5ai> 

(lb/day) 

( lb/day) 

K> 

1,120 

0.69 

1,590 

1,650 

1.20 

2,520 

2,710 

2.00 

4,000 

4,300 

3.33 

6,100 

6,600 

SO 

1,510 

0.87 

1,980 

2,050 

1.41 

2,960 

3,190 

2.10 

4,200 

4,600 

4.21 

7.700 

8,300 

so 

160 

0.09 

160 

190 

0.12 

200 

240 

0.16 

300 

300 

0.26 

400 

500 

10 

450 

0.23 

410 

480 

0.26 

430 

530 

0.29 

500 

600 

0.36 

500 

600 

so 

1,700 

1.39 

2,520 

2,940 

2.50 

4,140 

5,060 

3.73 

6.100 

7,400 

4. 56 

6,900 

8,300 

10 

200 

0.39 

700 

820 

0.54 

900 

1,100 

0.82 

1.300 

1,600 

1.33 

2,000 

2,400 

10 

370 

0.21 

380 

440 

0.32 

530 

650 

0.45 

700 

900 

0.73 

1,100 

1,300 

JO 

570 

0.37 

830 

880 

0.65 

1,350 

1.460 

1.01 

2,100 

2,200 

1.90 

3,500 

3,700 

30 

1,800 

1.33 

3,050 

3,160 

2.42 

5,090 

5,480 

3.58 

7,200 

7,800 

6.41 

11,700 

12,600 

DO 

16,400 

8.23 

18,800 

19,500 

11.25 

23,600 

25,400 

15.80 

31,800 

• . ' 

19.28 

35 . 300 

3 7,800 

30 

1,800 

1.37 

3,110 

3,240 

4.91 

10 , 300 

11,090 

5.70 

11,500 

12,300 

6.50 

11,900 

12,800 

DO 

520 

0.57 

1,300 

1,350 

1.490 

3,120 

3,360 

1.61 

3,200 

3,500 

1.84 

3,400 

3,600 

50 

780 

1.14 

2,600 

2,700 

2.33 

4 , 890 

5,260 

2.52 

5,100 

5 . 500 

2.88 

5,300 

5,600 

50 

I,  300 

0.91 

2,080 

2,160 

1.86 

3,900 

2.68 

5,400 

5,800 

3.93 

7,200 

7,  700 

50 

11,200 

5.59 

12,730 

13,200 

7.68 

16,100 

17.  140 

8.29 

16,700 

18,000 

9.46 

1 / , 300 

18,600 

00 

6,250 

3.42 

7,800 

8,100 

5.95 

12,490 

13,440 

6.43 

13,000 

13,900 

7.35 

13,400 

14,400 

00 

8)0 

0.55 

1,250 

1,300 

0.60 

1,250 

l , 340 

0.64 

1 , 300 

1,400 

0.74 

1 ,300 

1 .400 

30 

740 

0.93 

1,690 

1,980 

4.21 

6,990 

8.530 

8.38 

13,700 

16,500 

11.77 

17,800 

21,300 

70 

2.560 

3.10 

5,620 

6,550 

7.53 

12,500 

1 5 , 300 

9.64 

15,700 

19,000 

11.90 

18,000 

50 

170 

0.29 

520 

610 

0.88 

1,460 

1,780 

2.00 

3,300 

4,000 

2.66 

4,000 

4,800 

.80 

2,260 

1.65 

3,770 

3,920 

5.07 

10,640 

11,450 

5.94 

12,000 

12,900 

6.78 

12,400 

13,300 

120 

950 

0.73 

1,650 

1.710 

1.80 

3,770 

4,060 

2.43 

4,900 

5,200 

2.80 

5,100 

5.500 

150 

260 

0.17 

390 

410 

4.22 

880 

950 

1.01 

2,000 

2,200 

1.61 

2,900 

3,200 

150 

260 

0.17 

390 

410 

4.22 

880 

950 

1.01 

2,000 

2,200 

1.6 1 

2,900 

3,200 

150 

5.460 

3.42 

7,800 

8,100 

5.83 

12,220 

13,170 

6.  70 

13,500 

14.500 

7.96 

14,600 

15,600 

>60 

1,720 

1.27 

2,300 

2,690 

2.71 

4,480 

5,480 

3.15 

5,100 

6,200 

3.58 

5,400 

6,500 

160 

4,780 

5.21 

9,440 

11,000 

9.79 

16,210 

19,800 

10.66 

17,400 

21,100 

12.12 

18,300 

22,000 

UO 

720 

0.44 

810 

950 

0.67 

1,120 

1 , 360 

1.01 

1,600 

2,000 

1.79 

2,700 

3,200 

100 

120 

0.06 

110 

130 

0.07 

110 

130 

0.07 

100 

100 

0.08 

100 

100 

130 

500 

0.25 

450 

530 

0.25 

450 

550 

0.25 

500 

600 

0.25 

500 

600 

100 

3.880 

2.22 

4,020 

4,680 

3.65 

6,060 

7,400 

6.56 

10,700 

13,000 

9.28 

14.000 

16,800 

>20 

380 

0.20 

370 

4 30 

0.26 

4 30 

530 

0.33 

500 

700 

0.50 

800 

900 

150 

180 

0.10 

180 

210 

0.14 

240 

290 

0.20 

300 

400 

0.33 

500 

600 

70 

SO 

0.04 

70 

80 

0.04 

70 

90 

0.05 

100 

100 

0.05 

100 

100 

60 

70 

0.04 

70 

80 

0.04 

70 

90 

0.05 

100 

100 

0.06 

100 

100 

UO 

170 

0.09 

160 

180 

0.10 

170 

210 

0.12 

200 

200 

0.14 

200 

300 

100 

240 

0.12 

220 

260 

0.15 

240 

300 

0.17 

300 

300 

0.20 

300 

400 

520 

72,460 

47.85 

101,320 

109,070 

89.52 

172,760 

194,270 

116.88 

218,400 

245,500 

150.54 

255,700 

286,300 

»80 

3.540 

2.31 

4.630 

5,560 

4.09 

7,870 

9,610 

5.27 

10,100 

12,200 

9.01 

18.800 

500 

590 

1.05 

1,830 

2,200 

4.63 

7,660 

9,300 

8.05 

13,000 

15,800 

10.50 

. 

18.900 

520 

620 

1.59 

2,420 

2.900 

6.95 

10,010 

. 

11.41 

16,100 

19,400 

15.45 

20,200 

24 . 200 

100 

7,160 

4. 14 

9,180 

9 ,720 

7.00 

14,560 

15,680 

8.24 

16 , 300 

17,500 

10.71 

19,600 

21 ,000 

100 

7,160 

3.68 

8,160 

8,640 

4.63 

9,620 

10,360 

5.81 

11,500 

12,300 

8.92 

15,400 

310 

1.  380 

0.66 

1,450 

1,540 

0.83 

1.720 

1,850 

1.04 

2,100 

2,200 

1.53 

2.800 

090 

26  .090 

12.26 

27,970 

29,050 

15.05 

31,550 

33,980 

17.43 

35,100 

37,700 

22.92 

l . 

44,900 

490 

S10 

0.64 

1,420 

1,500 

2.51 

5,230 

5,630 

4.05 

8,000 

8,600 

5.23 

9,600 

1 . t 

270 

320 

0.15 

300 

360 

0.24 

4 70 

570 

0.43 

800 

1,000 

0.66 

1,200 

1,400 

130 

150 

0.07 

140 

170 

0.09 

170 

200 

0.10 

200 

200 

. • 

300 

300 

550 

3,740 

2.59 

5,750 

6,090 

3.80 

7,900 

8,510 

4.85 

9,000 

9,700 

6.04 

1 1 ,000 

11,800 

70 

30 

0.01 

30 

30 

0.03 

50 

60 

0.04 

100 

100 

0.07 

100 

100 

30 

10 

0.01 

30 

30 

0.03 

50 

60 

0.04 

100 

100 

0.07 

100 

100 

290 

340 

0.17 

340 

410 

0.22 

410 

510 

0.29 

500 

700 

0.53 

9 00 

1 . 100 

20 

30 

0.01 

20 

30 

0.02 

40 

40 

0.03 

100 

100 

0.04 

100 

100 

70 

80 

0.0  4 

70 

90 

0.04 

80 

100 

0.05 

100 

100 

0.07 

100 

100 

390 

4,020 

1.86 

3.720 

4,470 

2.32 

4,470 

5,470 

2.65 

5,100 

6,100 

3.  71 

6,400 

7.  700 

180 

210 

0.10 

200 

240 

0.14 

260 

320 

0. 18 

400 

400 

0. 30 

500 

600 

180 

210 

o.n 

220 

270 

0.15 

290 

350 

0.22 

400 

500 

0. 36 

600 

700 

150 

12,020 

6.23 

12.480 

14,970 

8.17 

15,730 

19,230 

10.88 

20.800 

25,100 

15.90 

27.600 

33,100 

40 

. 

0.02 

40 

50 

0.03 

60 

70 

0.05 

100 

100 

0.08 

100 

200 

30 

30 

0.02 

30 

40 

0.02 

40 

50 

0.04 

100 

100 

0.06 

100 

100 

80 

100 

0.04 

90 

110 

0.05 

100 

120 

0.06 

100 

100 

0.08 

100 

200 

410 

490 

0.22 

430 

520 

0.25 

480 

590 

0.32 

600 

700 

0.35 

600 

700 

100 

120 

0.06 

120 

150 

0.09 

180 

220 

0.12 

200 

300 

0.20 

300 

400 

60 

70 

0.02 

60 

80 

0.05 

90 

110 

0.06 

100 

100 

0.11 

200 

200 

30 

30 

0.01 

30 

30 

0.02 

40 

40 

0.03 

100 

100 

0.04 

100 

100 

20 

20 

0.01 

20 

20 

0.01 

20 

30 

0.01 

100 

100 

0.02 

100 

100 

30 

30 

0.02 

30 

40 

0.02 

40 

50 

0.03 

100 

100 

0.07 

100 

100 

470 

0.24 

480 

580 

0.32 

620 

760 

0.43 

800 

1.000 

0.64 

1,100 

1.301) 

460 

540 

0.27 

540 

6 50 

0.  34 

660 

810 

0.44 

800 

1,000 

0.69 

1,200 

1 ,400 

200 

240 

0.13 

250 

300 

0.18 

350 

430 

0.26 

500 

600 

0.40 

700 

800 

IV 

150 

0.07 

140 

170 

0.09 

170 

210 

0.11 

100 

300 

0.18 

300 

) 1 

400 

0.17 

350 

420 

0.20 

390 

480 

0.23 

400 

500 

0.31 

t.00 

120 

140 

0.06 

130 

150 

0.08 

150 

190 

e.M 

200 

200 

0.16 

300 

WO 

_90 

no 

100 

120 

0.06 

120 

140 

0.08 

100 

200 

0.12 

_ 700 

31 

71,210 

39.09 

83,200 

71,690 

62.75 

121,650 

83.43 

154,400 

175,  300 

115.69 

nr*.  «iK) 

222,000 

V-l  7 


IA BLE  V-t». 


PROJECTED  -LWA  .L  FLO 


..  Location  1970  1975 

Notie  Avg  Flow  BOO  SS  Avg  Flow  BOD  SS 

No.  Name (mgd)  (lb /day)  (lb/day) (mgd)  (lb/day)  (lb/dav) 

BIG  BEAR  CREEK  and  L1TTLL  BtAK  CRF.CK  - WATERSHEDS  5A  and  5B 


'-5  A :CJ  L-JAD-.  IS  Ini  SCTCOC  Stf 


1980 

Avg  Flow  BOO  SS 

(mgd)  (lb /day ) (lb/day) 


Avg 
{ 


5A- 19 

Regional  Airport 

0.00 

0 

0 

2.60 

6,070 

6,380 

3.80 

8,430 

6,920 

5 A- 20 

teller 

0.12 

290 

320 

0.31 

730 

760 

0.44 

980 

1,040 

5 A- 21 

Southlake 

0.09 

210 

210 

0.13 

310 

320 

0.19 

430 

450 

5A-22 

South  lake 

0.09 

210 

210 

0.13 

310 

320 

0.19 

430 

450 

5 A- 2 3 

Col leyvi lie 

0.17 

410 

430 

0.57 

1,340 

1,410 

1.04 

2,300 

2,430 

5A-24 

Grapevine 

0.64 

880 

910 

1.78 

2,750 

2,890 

2.01 

4,450 

4,710 

5 A- 30 

Irving 

0.06 

150 

160 

0.41 

950 

990 

0.72 

1,610 

1,700 

5A-60 

Greenview 

0.04 

100 

100 

0.04 

100 

110 

0.05 

110 

120 

58-23 

North  Richland  nil Is 

0.16 

380 

390 

0.22 

500 

530 

0.29 

630 

080 

5B-26 

Hurst 

0.37 

880 

910 

0.43 

1,010 

1,060 

0.52 

1,150 

1,220 

5B-27 

Bedford 

0.05 

130 

130 

0.11 

250 

270 

0.17 

380 

410 

5B-28 

Col leyvi lie 

0.00 

0 

0 

0.00 

0 

0 

0.00 

0 

0 

5B-29 

Euless 

0.46 

1,090 

1,130 

0.97 

1,100 

1,150 

1.50 

3,  320 

3,510 

Subtotal 

2.25 

4,730 

4,900 

7.70 

15.420 

16,190 

10.92 

24,220 

25,640 

WATF  RSHH>v  _> ; J_  J>j ),  5h.  SF 


5 
0 
0 
0 
1 
2 
1 
0 
0 
0 
0 
0 
_l 

16. 


5C-1 

Venus 

0.04 

60 

70 

0.04 

60 

80 

0.04 

70 

80 

0. 

SC-6  5 

Grand  Prairie 

3.21 

7,800 

8,110 

3.98 

9,220 

9,590 

5.16 

11,670 

12,210 

7. 

5C-208 

East  Mountain  Creek 

0.03 

80 

80 

0.28 

650 

680 

0.35 

800 

830 

0. 

5C-211 

Last  Mountain  Creek 

0.02 

50 

50 

0.41 

940 

980 

0.73 

1,670 

1,740 

1. 

SC- 350 

Kirby  Creek 

3.20 

7,720 

8,030 

4.03 

9,320 

9,690 

4.89 

11,090 

11,510 

6. 

5C-4  50 

Future  Development 

0.01 

20 

20 

0.05 

110 

120 

0.51 

1.170 

1,210 

I, 

5C-451 

Future  Development 

0.02 

50 

60 

0.15 

350 

370 

0.32 

740 

760 

0. 

5C-452 

Future  Development 

0.02 

60 

60 

0.16 

380 

400 

1.74 

3,970 

4 , 1 30 

3. 

SC-453 

Future  Development 

0.01 

20 

20 

0.07 

160 

170 

0.73 

1 , 660 

1,730 

1. 

50500 

Midlothian 

0.13 

410 

420 

0.18 

490 

500 

0.23 

610 

630 

0. 

50214 

:ians  field 

0.24 

590 

620 

0.27 

630 

660 

0. 54 

1.240 

1,280 

1. 

5it-448 

Future  Development 

0.01 

20 

20 

0.06 

140 

140 

0.63 

1. 

50-449 

Future  Development 

0.01 

20 

20 

0.04 

100 

110 

0.47 

080 

1.120 

1. 

50195 

Arl Ington 

4.94 

11,980 

12,450 

6.14 

14,210 

14,770 

8.81 

19,910 

14. 

5F-184 

Euless  (West) 

0.90 

2,180 

2,270 

2.47 

4,470 

4,650 

3.88 

7. 

5F-186 

Arlington 

0.49 

1,090 

1,130 

0.56 

. • 

1,340 

0.80 

1 *830 

1. 

5F-188 

Euless  (Last) 

0.22 

540 

570 

0.46 

1,060 

1,100 

0.97 

2. 

50190 

Arl ington 

0.45 

1.090 

1,130 

0.56 

1.290 

1,340 

0.80 

l,8Jz 

1. 

Subtotal 

13.95 

33,780 

35,130 

19.91 

44,870 

46,680 

31.60 

74,880 

53. 

WEST  FORK  fRINITY  - WATERSHED  3 


5G- 123 
5C-130 
50-132 
5G- 1 34 
50- 1 16 
50-1 37 
50- 1 38 
5H-141 
5H-143 
5H-145 


5H-149 
511- 1 50 
5.1-15  3 
5H- 1 56 
5H-157 


51-117 

51-118 


5J-  1 1 3 

5K  - 1 66 
5K-167 


5M-92 


Fort  Worth 
Burleson 
Crowley 
Fort  Worth 
Eve rman 
Kemiedalt' 

Forest  Hill 

Banfi  . Mobil*-  Home  Park 
’ v ■“  1 * Mobile  Home  Park 

h M Mobile  Home  Park 
Da  Lwcrth Ington  Gardens 
I reel  op  Mobile  Home  Park 
i reef  op  Mobile  Home  Park  South 
I unh leveed  Mobile  Home  Park 
Wilson 
Parsons 
Pantego 
Arl  Ington 
Ar 1 ington 

North  Richland  Hilts 


Hurst 

Hurst 

Li*  h Lind  ill  i Is 
Richland  ill  1 Is 
ll.il ton  City 
Saginaw 

Anwri  an  Manufacturing  < >>mpany 
K rt  w-rth  Refitting  Company 
Fort  Worth 
Fort  Worth 
F.  rt  Worth 

ltfs.ui  and  Pacific,  Missouri  and 


5.14 

12,250 

12,250 

6.81 

15,880 

16,700 

9.17 

20 , 340 

0.27 

570 

660 

0.31 

640 

760 

0.35 

850 

0.11 

270 

280 

0.21 

500 

530 

0.35 

810 

3.09 

7,350 

7,640 

4.08 

9,530 

10,020 

5.51 

12.210 

1 2 ,9 10 

0.24 

580 

600 

0.42 

980 

1 ,030 

0.56 

1,240 

1,310 

0.18 

440 

450 

0.63 

1,470 

1,590 

1.04 

2 3 00 

0.43 

1,030 

1,070 

0.73 

1 ,700 

1,790 

1.09 

0.01 

30 

30 

0.03 

80 

80 

0.07 

150 

160 

0. 10 

240 

250 

0.11 

260 

280 

0.20 

430 

0.01 

20 

20 

0.01 

30 

30 

0.02 

40 

0.12 

280 

290 

0.21 

500 

520 

0.32 

710 

760 

0.03 

80 

80 

0.04 

100 

110 

0.08 

180 

190 

0.  10 

230 

240 

0.10 

240 

250 

0.14 

310 

220 

0.06 

150 

160 

0.11 

400 

430 

0.21 

460 

490 

0.01 

10 

10 

0.03 

80 

80 

0.08 

180 

190 

0.01 

10 

10 

0.03 

80 

80 

0.16 

260 

270 

0.12 

280 

300 

0.26 

M0 

640 

0.32 

710 

760 

0.90 

2,180 

2,260 

1.12 

2.580 

2,690 

1.60 

3,560 

3,790 

0.90 

2,180 

2,260 

1.12 

. 580 

2,690 

1.60 

3,560 

3,790 

1.31 

3,120 

3,250 

1.87 

4, 360 

4,580 

2.88 

• . 19 

6,750 

0. 10 

240 

250 

0.37 

-• 

910 

0.59 

. 

1 ,390 

0.44 

1 ,050 

1 ,090 

1.21 

2.810 

2,960 

1.87 

.... 

4,390 

1.29 

3,070 

3,200 

3.52 

8,640 

5.46 

12,100 

12,810 

0.46 

1.090 

1.130 

0.55 

1 .280 

1,350 

0.68 

: . i • 

1.590 

0 . 46 

1,090 

1,130 

0.55 

t ,280 

1,350 

0.68 

. 

1,590 

2.69 

6,410 

6 ,670 

4.50 

10,500 

1 1 ,040 

6.10 

13,120 

14, 310 

0.1  7 

410 

430 

0.31 

730 

760 

0.69 

1,530 

1,620 

0.13 

0.22 

320 

330 

0.26 

610 

640 

0.33 

730 

770 

250 

4 ,600 

0.22 

250 

4,600 

0.28 

300 

5,800 

0.21 

180 

70 

0.21 

180 

70 

0.26 

200 

90 

5. 14 

12,250 

. . • 

6.81 

15.880 

lb , 700 

9.17 

20,340 

2 1 . 530 

3.09 

7,350 

7,640 

4.08 

9.530 

10,020 

5.51 

12,210 

12.9  30 

9 . 26 

A » ,0^0 

22,930 

12.25 

28.590 

30  , 0 70 

16.52 

36,020 

38. 770 

0.29 

490 

310 

0.29 

49Q 

310 

0.36 

6U0 

400 

13.3 

( ‘ 
( 


1.7 

oia 


f 

3.0! 

S.i 

0.9! 

0.9 


n.i 


V -18 


. .4*-,  ,1  V •!  I L 


10A-83 

Grandview 

10A-84 

Italy 

10A -86 

Milford 

10A-97 

Corsicana* 

10A-99 

fbrreston 

10B  -89 

Waxahachle 

iOB-^44 

Bardwel 1 

1 1 A 94 

Ennis 

-6. 


PROJECTED  SEWAGE  FLOWS  AND  LOADS  IN  THE  NCTCOC  STUDY  AREA  (Continued; 


1980  1990  2000  2020 

Avg  Flow  BOD  SS  Avg  Flow  BOD  SS  Avg  Flow  BOD  SS  Avg  Flow  BOD 

(lb /day) (mgd)  (lb/dav)  ( lb/day J (mgd)  (lb/day)  (lb/day)  ( mgd)  (1  b / day)  (lb/dav) (mgd)  (lb /day)  (lb /day 


8,340 

1.25 

500 

10,400 

1.25 

500 

10,400 

1.25 

500 

10,400 

1.50 

1,450 

0.77 

1,750 

1,850 

0.91 

1,930 

2,080 

0.98 

■ 000 

2.100 

1.11 

6,680 

3.67 

8,140 

8,620 

5.29 

11,000 

11,850 

6. 36 

12  600 

13,500 

8.61 

6,680 

3.67 

8,140 

8,620 

5.29 

. . 

11,850 

6.36 

1 2 , *>00 

13,500 

6.61 

10,020 

5.51 

. 

12,930 

7.94 

16,510 

17,770 

9.54 

18,91  1 

20,300 

12.91 

1 3,320 

7.34 

16,280 

17,230 

10.83 

22,010 

23,700 

12.72 

.... 

27,000 

17.21 

13,320 

7.34 

16,280 

17,230 

10.83 

22,010 

23,700 

12.72 

25.200 

27,000 

17.21 

3,080 

1.73 

3,830 

4,050 

3. 17 

6,590 

7.100 

3.44 

6,800 

7,300 

5.  36 

320 

0.16 

340 

360 

0.19 

390 

420 

0.23 

500 

500 

0.  31 

4,360 

2.01 

4,030 

4,  380 

2.37 

4,560 

5,570 

3.00 

5,700 

7,000 

4.90 

310 

0.13 

270 

320 

0.15 

280 

340 

0.16 

300 

400 

0.20 

100 

0.04 

80 

100 

0.05 

90 

100 

0.05 

100 

100 

0.06 

170 

0.08 

150 

180 

0.09 

170 

200 

0.10 

200 

200 

0.150 

1,160 

0.54 

1,040 

1,300 

0.74 

1 ,430 

1,750 

0.92 

1,800 

2,100 

1.46 

250 

0.15 

300 

35  0 

0.22 

410 

510 

0.29 

600 

7 00 

0.53 

20 

0.01 

20 

20 

0.01 

20 

20 

0.01 

100 

100 

0.01 

300 

0.12 

290 

300 

0.13 

300 

330 

0.14 

300 

300 

0.17 

1,010 

0.44 

890 

1,060 

0.49 

950 

1,160 

0.56 

1,100 

1 , 300 

0.73 

1,090 

0.51 

1,030 

1,200 

0.67 

1,280 

1,570 

0.85 

1 ,600 

2,000 

1.26 

100 

0.05 

110 

120 

0.06 

120 

150 

0.08 

200 

200 

0.13 

170 

0.08 

150 

180 

0.09 

180 

220 

0.11 

200 

300 

0.17 

30 

0.01 

20 

30 

0.01 

20 

30 

0.01 

100 

100 

0.02 

110 

0.05 

100 

120 

0.06 

120 

160 

0.08 

200 

200 

0.23 

140 

0.07 

140 

170 

0.  100 

200 

240 

0.130 

200 

300 

0.200 

20 

0.01 

20 

20 

0.01 

30 

30 

0.01 

100 

100 

0.02 

170 

0.06 

190 

200 

0.09 

220 

230 

0.10 

200 

300 

0.17 

130 

0.06 

140 

130 

0.07 

170 

180 

0.09 

200 

200 

0.12 

300 

0.14 

280 

340 

0.170 

330 

440 

0.220 

400 

500 

0.33 

760 

0.43 

960 

1 ,010 

0.71 

1,450 

1,580 

0.96 

1,900 

2,000 

1.  30 

1.670 

0.92 

2,040 

2,160 

1.43 

2,980 

3,210 

1.89 

1, 

4,000 

3.06 

1,670 

0.83 

. 

1,960 

1.07 

2,230 

2,400 

1.16 

2.300 

2,500 

1.31 

2,300 

1.00 

2,200 

2,310 

1.00 

2,200 

2,310 

1.00 

2,200 

2.300 

1.00 

260 

0.11 

250 

260 

0.12 

250 

260 

0.13 

300 

300 

0.15 

900 

0.46 

1,020 

1,080 

0.61 

. 

1,360 

0.61 

1,300 

1 ,400 

9.61 

3.860 

1.96 

4,340 

4,590 

2.  73 

5,670 

6,110 

3.44 

6,800 

7.300 

4.59 

1.670 

1.04 

. 

7,430 

1.31 

2,940 

2.97 

5,900 

6,300 

6.89 

1,870 

0.90 

1,800 

2,160 

1.14 

2,190 

2,670* 

1.36 

2,600 

3.200 

1.99 

150 

0.07 

150 

180 

0.10 

190 

230 

0.14 

300 

300 

0.25 

50 

0.02 

50 

50 

0.03 

60 

80 

0.05 

100 

100 

0.10 

20 

0.01 

10 

20 

0.01 

10 

20 

0.01 

100 

100 

0.01 

180 

0,08 

150 

180 

0.08 

160 

200 

0.09 

200 

200 

0.13 

222,810 

1 18.06 

256,350 

288.610 

172.  70 

354,210 

398,600 

219.77 

415,900 

474,600 

323.80 

380 

0.2O 

350 

410 

0.24 

390 

480 

0.  30 

500 

600 

0 . 4t> 

80 

0.04 

70 

80 

0.04 

70 

90 

0.05 

100 

100 

0.07 

2JO 

0.12 

200 

240 

0.13 

220 

270 

0.  16 

300 

JOO 

0.24 

330 

0.16 

300 

330 

0.18 

300 

370 

0.20 

300 

400 

0.27 

100 

0.05 

90 

100 

0.05 

90 

110 

0.06 

100 

loo 

0.08 

4,880 

2.60 

4,  700 

5,480 

3.27 

5.4  20 

6.620 

3.96 

6.500 

7,800 

5.70 

70 

0.04 

60 

70 

0.04 

60 

80 

0.04 

100 

100 

0.05 

4,200 

2. -.9 

4,500 

5,250 

3.42 

5.670 

6,930 

4.66 

7,600 

9,200 

6.62 

46 

0.02 

♦ j 

53 

0.03 

49 

60 

0.04 

57 

69 

0.04 

5,436 

3. 12 

5,615 

6,553 

4.13 

6,849 

8,390 

5.51 

9.057 

10,869 

5 83 

2.280 

1.34 

l£iO 

2,840 

1.89 

3.140 

3,830 

2.45 

4,000 

4,800 

3.6B 

2,280 

1.34 

2.430 

2.840 

1.89 

3,140 

3.830 

2.45 

4,000 

4,800 

3.68 

500 

0.40 

720 

840 

0.64 

1,060 

1.300 

0.99 

1 .600 

2.000 

1.59 

su 

0.05 

90 

105 

0.0* 

126 

154 

0.10 

171 

_207 

Q.1J3 

>3U 

0.4  j 

810 

> • i 

0.72 

1 . 186 

1,454 

1.09 

: . : 

2.207 

. . . 

773,016 

417.01 

920,03 i 

988,728 

61J.4V 

1,251.425  j 

, . 38J.-60 

797.37 

1.54  3.128 

1.708,57b 

1.139.39 

600 

12,500 

2.100 

2.200 

15,800 

16.800 

15.800 

16,800 

23.600 

25  , 300 

31,500 

33,800 

. 

33,800 

9,800 

10.400 

600 

600 

8,500 

10,200 

300 

400 

100 

100 

300 

300 

. . 1 

3,000 

900 

1,100 

100 

100 

400 

400 

. 

1,500 

. 

2,600 

300 

300 

400 

100 

300 

300 

400 

100 

100 

400 

400 

300 

400 

600 

700 

2.600 

5,600 

6,000 

2.400 

2,600 

. 

2.300 

300 

300 

1 .400 

8,400 

9,000 
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CHAPTER  VI 


DESIGN  CRITERIA 

Design  criteria  have  been  established  to  provide  a basis  for  the  preliminary 
development  of  regional  or  consolidated  systems  of  intercepting  sewers,  treatment 
plants,  pumping  stations,  and  force  mains. 

PROPOSED  CONSTRUCTION  PROGRAMS 

bor  convenience  in  estimating  when  various  items  of  proposed  construction  will  he 
required,  we  have  arranged  the  construction  programs  as  follows: 

Required  by  1975 

Required  between  1975  and  1990 
Required  between  1990  and  2020 

Precise  timing  of  future  program  stages  cannot  be  made  at  this  time  because  of  the 
many  factors  affecting  such  timing,  including  industrial  development,  population 
growth  and  distribution,  availahilitv  of  water,  and  funding.  Preliminary  estimates  of 
the  facilities  required  and  the  costs  involved  for  the  various  stages  of  the 
recommended  regional  sewerage  plan  are  presented  in  Chapters  X and  XIII. 

DEGREE  OF  TREATMENT 

The  Texas  Water  Quality  Board  (TWQB)  requires  that  treated  sewage  discharged  to  all 
classified  bodies  of  water  in  the  State  maintain  the  standards  of  general  water  quality 
as  discussed  in  Chapter  III.  The  TWQB  has  established  specific  requirements  for 
designated  water  quality  zones  of  the  Trinity  River  and  its  tributary  streams  within 
the  study  area.  The  zones  are  shown  on  Fig.  HI-1.  Description  of  the  water  quality 
requirements  is  presented  in  Appendix  A.  Discharges  of  treated  sewage  to  classified 
waters  must  he  of  sufficient  quality  that  they  will  not  impair  the  existing  and  potential 
usage  established  for  these  waters. 

The  minimum  degree  of  sewage  treatment  allowed  by  the  TV!  QB  is  secondary 
(biological)  treatment.  In  addition,  disinfection  (chlorination)  of  effluent  is  now 
required  except  for  oxidation  pond  effluents  at  all  facilities  which  treat  domestic 
sanitary  wastes.  As  noted  in  Chapter  II.  the  cities  of  Dallas  and  Fort  Vi  orth  currently 
arc  participating  in  a research  project  to  determine  the  effect  of  effluent  chlorination 
on  stream  quality.  The  results  of  that  project  may  have  some  effect  on  the 
requirements  for  effluent  chlorination,  but  chlorination  is  included  in  the  treatment 
facilities  proposed  herein. 

Chlorination  is  considered  necessary  not  only  for  the  destruction  of  pathogenic 
(disease-producing)  bacteria  in  sewage  hut  also  to  kill  viruses  causing  such  diseases  as 
polio,  meningitis  and  hepatitis. 
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Initial  Program 
Future  Program 
Stage  I 
Stage  1 1 


Permits  for  the  disposal  of  wastes  are  issued  by  the  TWQB  and  contain  quality  and 
quantity  requirements  on  the  waste  to  be  discharged,  as  discussed  in  Chapter  III.  In 
general,  new  treatment  plants  must  be  designed  to  produce  effluents  containing 
monthly  average  concentrations  of  not  more  than  20  mg/1  of  BOD  and  20  mg/1  of  total 
suspended  solids. 

Primary  treatment  plants  cannot  be  expected  to  remove  more  than  30  to  35  percent  of 
the  BOI).  Secondary  treatment  is  commonly  considered  to  be  obtainable  with  either 
activated  sludge  or  trickling  filter  installations.  These  plants  may  be  expected  to 
remove  up  to  90  percent  and  85  percent  respectively  of  the  BOD.  hut  generally  may  be 
expected  to  remove  little  or  no  nutrients  such  as  nitrogen  or  phosphates.  As  discussed 
in  Chapter  XI.  tertiary  or  advanced  treatment  for  removals  of  up  to  about  98  percent 
of  BOD  and  for  the  removal  of  nutrients  must  be  considered  for  the  protection  and 
improvement  of  lakes  and  reservoirs  used  for  water  supply  and  recreation,  and  for 
streams  with  little  or  no  flow  during  extended  periods.  Techniques  for  accomplishing 
advanced  waste  treatment  are  discussed  in  Chapter  XI. 

BASIS  OF  TREATMENT  PLANT  DESIGN 

The  Texas  State  Department  of  Health  publication  entitled  “Design  Criteria  for 
Sewerage  S\ stems'"  has  been  used  in  this  study.  Criteria  for  secondary  treatment 
facilities  contained  herein  have  been  adopted.  In  addition  to  secondary  treatment 
facilities,  tertiarv  treatment  facilities  and  storm  flow  treatment  facilities  (consisting  id' 
settling  and  chlorination)  may  he  necessary  to  meet  the  requirements  of  the  recei\  ing 
waters  as  discussed  in  Chapter  X.  A schematic  flow  diagram  of  a sewage  treatment 
plant  with  all  of  these  facilities  is  presented  on  Fig.  \ l-l.  The  secondary  facilities 
shown  are  for  the  activated  sludge  process.  Prickling  tillers  may  also  be  used  lor 
secondary  treatment.  Different  arrangements  of  the  various  process  units  from  those 
shown  may  be  appropriate  at  a given  location.  The  process  indicated  is  presented  for 
reference  only  anil  is  not  considered  as  a recommendation. 

It  is  contemplated  that  all  proposed  treatment  plants  should  have  at  least  a 20-year 
design  life  before  requiring  modification.  Alternative  studies,  described  in  Chapter 
IX.  have  been  conducted  based  upon  both  1990  and  2020  design  capacities.  Ml 
treatment  plants  proposed  for  construction  as  part  of  the  recommended  Hcgional  Plan 
should  have  the  capability  of  being  expanded  further  to  receive  and  treat  flows  and 
loads  anticipated  in  t he  year  2020. 

Haehford  et  al  investigated  the  expansion  of  waste  treatment  systems  and  determined 
that  there  are  significant  economies  of  scale  in  the  construction  of  both  sewers  and 
wastewater  treatment  plants.  This  consideration  lends  itself  to  the  concept  of  regional 
wastewater  collection  and  treat  men t sv  stems  as  discussed  in  Chapter  IX  . 

The  sizing  of  sewage  treatment  plants  proposed  for  Initial  and  Future  Stage  I 
Const  ruction  Programs  has  been  based  on  average  f low  > and  loads  anticipated  to  occur 
in  about  the  year  1990.  The  sizing  of  treatment  plants  proposed  for  the  Future  Stage  2 
Con-truct  ion  Program  has  been  based  on  average  flows  and  loads  anticipated  in  the 
year  2020.  If  actual  flows  and  loads  fall  below  those  anticipated,  plant  expansion  would 
be  postponed  until  required. 

Proposed  treatment  plant  capacities  are  considered  equal  to  estimated  average  daily 
drv  weather  flow  rates  for  the  design  years.  Vi  e have  also  considered  that  during  dry 
weather  periods,  peak  flows  (including  infiltration  allowances)  would  he  taken 
through  the  plants. 
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FIG.  'ZI-I  SCHEMATIC  DIAGRAM  OF  SEWAGE  TREATMENT  PLANT 


\\<*t  weather  flows  exceeding  treatment  plant  capacity  will  be  delivered  by  tin* 
intercepting  sewers  to  a number  of  plants,  particular!)  in  the  earl)  years.  During  wet 
weather  when  significant  extraneous  flow  s may  he  expected,  flows  in  excess  of  peak  dry 
weather  flow  rates  would  he  diverted  through  storm  flow  sedimentation  tanks  and 
chlorine  contact  tanks  located  either  at  the  treatment  plants  or  upstream  in  the 
tributary  sewerage  systems  as  required.  Such  wet  weather  facilities  are  now  planned  in 
Dallas. 

BASIS  OF  SEWER  DESIGN 

The  design  of  the  proposed  intercepting  sewers  has  been  based  on  carrying  the 
tributary  peak  dr\  weather  flows  (sanitary  sewage  plus  an  allowance  for  ini  i It  rat  ion  I 
estimated  to  occur  at  the  end  of  the  design  period.  Mlcrnativc  studies,  described  in 
Chapter  l\.  have  been  conducted  based  upon  both  1000  and  2020  design  capacities. 
However,  the  relationship  between  sewer  cost  and  capacity,  shown  on  l ig.  \ 1-2 
(derived  from  cost  curves  presented  on  l ig.  \ 1 1 - 1 ).  ind icates  that  the  increased  cost s ol 
sewers  constructed  now  with  year  2020  rapacities  are  minor  as  compared  with  the  costs 
of  t hose  constructed  with  capacit  ies  sufficient  only  lor.  sav . the  year  1 000.  I he  re  I ore.  a 
reasonable  design  vear  for  all  proposed  sewers  i-  considered  to  he  2020. 

The  design  of  new  intercepting  sewers  has  been  based  on  the  “seperale  plan,  under 
which  onlv  wastewater,  including  unavoidable  infiltration,  requiring  treatment  i« 
considered  to  he  taken  into  the  sewerage  system.  Separate  storm  inlets  and  drains 
must  he  provided  to  collect  and  dispose  of  the  runoff  resulting  from  rainfall.  U ith 
fullv  separated  systems,  stormwater  should  he  excluded  to  the  fullest  extent  possible 
from  the  sewerage  system,  thereby  lessening  construction  and  operating  costs  for 
sanitarv  sewers  and  treatment  facilities  and  preventing  overflows  to  receiving  waters. 
It  is  reported  that  only  separate  sewer  systems  have  been  constructed  to  date  within 
I lie  st  udy  area. 

\ s discussed  in  (Chapter  III  and  \.  sanitary  sewers  should  not  he  designed  to 
accommodate  the  water  from  storm  drains  and  root  leaders.  It  i-  important  that  »tu  h 
water  he  prevented  I rum  entering  since  the  amount  ol  water  contributed  to  sanitary 
sewers  from  a singl  ■ catch  basin  mat  he  many  times  the  amount  ol  the  domestic 
sewage  emit rihu ted  ht  the  plumbing  fixtures. 

In  the  design  of  new  intercepting  sewers,  a ratio  ol  expected  future  peak  dry  weather 
flow  ( i tic  I ud  i ng  an  infill  rat  ion  allowance  of  "a  gped  ) to  the  flowing  lull  capacity  ol  (!.•.> 
has  been  used.  Resulting  pipe  si/rs  have  been  rounded  to  the  nearest  commercially 
at  ailahle  si/cs. 

The  Texas  State  Department  of  Health  design  criteria  have  been  utilized  for 
preliminary  sewer  sizing.  Pipes  have  been  sized  on  the  basis  ol  average  slopes  obtained 
from  existing  sewer  profiles  and  from  topographic  maps.  In  addition.  Mannings 
friction  coefficient  “n”  of  0.013  for  existing  and  new  pipes  and  minimum  slopes 
necessary  to  produce  self-cleansing  velocities  of  about  2.0  fp»  with  the  pipes  flowing 
full  have  been  used. 

The  < -ity  of  Dallas  is  currently  investigating  the  use  of  polymers  to  reduce  wastewater 
viscosity  and  increase  the  carrying  capacity  of  sewer  pipes.  This  investigation  might 
provide  in  the  future  a basis  on  w hich  lower  “n"  values  could  be  used. 
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FIG  21-2  RELATIONSHIP  OF  INSTALLED  SEWER  COST  TO  CAPACITY 
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I he  ctlccl  ot  Uimi-ion  of  pipe-  caused  by  hydrogen  sulfide  gas  has  been  considered.  \» 
discussed  in  Chapter  Nil.  cost  estimates  for  pipe  are  based  on  the  use  of  thick  wall 
reinforced  concrete  pipe.  Lining  materials,  limestone  aggregate  for  concrete  pipe  and 
I levihle  plastic  mortar  pipe  and  other  corrosion  resistant  materials  max  also  he  used  to 
retard  or  eliminate  the  effect  of  corrosion. 

PUMPING  STATION  AND  FORCE  MAIN  DESIGN 

Pumping  stations  and  force  mains  have  been  considered  to  be  necessary  onlx  where 
gravity  intercepting  sewers  reach  depths  of  25  to  30  feet  and  where  flows  must  be 
carried  over  topographic  divides.  Force  mains  sizes  have  been  based  on  estimated 
peak  2020  design  flows,  and  for  convenience  friction  bead  losses  of  3 feet  per  1000  feet 
have  generally  been  used  for  a Hazen-Vi  illiams  “C"  value  of  120.  with  a maximum 
velocity  in  the  force  main  of  about  10  fps.  “C”  values  will  tend  to  decrease  with  line 
age.  and  velocities  of  10  fps  or  more  could  result  in  serious  surge  problems.  This  head 
loss  has  been  utilized  to  achieve  reasonable  total  dynamic  heads  at  pumping  stations. 
The  capacity  of  proposed  pumping  stations  is  based  upon  estimated  peak  1090  flows 
from  tributary  sewers  plus  standby  pumping  capacity.  An  average  standhx  pumping 
capacity  equal  to  33  percent  of  required  capacity  lias  been  used.  The  residence  time  of 
sewage  in  station  wet  wells  should  be  minimized  and  odor  control  measures  max  be 
necessary. 

ANALYSIS  OF  EXISTING  SEWERAGE  SYSTEMS 

The  projected  increases  in  population  and  the  proposed  expansions  of  the  existing 
sewerage  systems  require  that  the  adequacy  of  existing  trunk  sewers  and  treatment 
plants  be  investigated.  These  investigations  have  been  made  utilizing  design  criteria 
described  in  this  chapter.  The  present  adequacy  of  existing  sewage  treatment  plants  in 
the  study  area  is  discussed  in  Chapter  \ III.  and  the  adequacy  of  existing  plants  and 
trunk  sewers  to  meet  future  requirements  in  Chapter  X. 


CHAPTER  VII 

BASIS  OF  COST  ESTIMATES 

DISCUSSION 


Preliminary  cost  estimates  have  been  prepared  for  construction,  operation,  and 
maintenance  of  proposed  sewerage  facilities.  A series  of  generalized  cost  curves  lias 
been  developed  to  provide  the  basis  for  these  estimates  and  are  presented  on  Fig.YH-1. 


Estimated  costs  of  construction  of  the  sewerage  facilities  considered  herein  are  based 
on  current  contractor's  hid  prices  for  work  of  a similar  nature  in  the  study  area  ami 
elsewhere.  The  costs  in  this  report  have  been  adjusted  to  an  estimated  Engineering 
News-Record  (FNR)  Construction  Cost  Index  of  1100  for  the  Dallas  area  which  is 
slightly  above  the  present  index.  Recently,  however,  construction  costs  have  been 
increasing  national!)  at  a rate  of  about  10  percent  per  year,  and  in  the  study  area  costs 
increased  at  about  20  percent  per  year  before  levelling  off  around  August  1060. 
Therefore,  when  up-to-date  costs  are  required  in  the  future,  the  costs  shown  in  this 
report  must  be  multiplied  bv  the  ratio  of  the  Dallas  KNR  Construction  Cost  Index  at 
that  future  time  div  ided  by  1 100. 

GENERALIZED  COSTS 

The  generalized  cost  curves  of  Fig.  \ 1 1 - 1 have  been  developed  for  sewage  treatment 
plant  construction  and  operation  and  maintenance  costs,  sewage  pumping  station 
construction  and  operation  and  maintenance  costs,  and  force  main  and  sewer 
construction  costs.  Considerable  cost  data  have  been  furnished  us  by  the  FWQA 
Regional  Office  for  this  report.  Contractor’s  overhead  and  profit  is  included  in  all 
construction  cost  curves.  All  construction  cost  curves  and  estimates  in  this  report 
include  2.">  percent  allowances  for  engineering,  administrative  and  legal  services 
during  design  and  construction  phases. 

liecau-e  -pecilic  sites  and  treatment  plant  layouts  could  not  be  considered  in  detail  in 
this  -indy,  additional  -Indies  would  be  required  to  develop  more  reliable  costs  for 
each  proposed  treatment  plant.  Similarly,  detailed  studies  of  intercepting  sewers 
based  upon  field  topographic  surveys  and  subsurface  soil  data  would  he  required  to 
develop  more  refined  costs. 

Land  costs  (not  included  in  Fig.  V 1 1 - 1 ) have  been  considered  in  addition  to 
construction  costs  and  include  the  acquisition  of  land  for  treatment  facilities  and 
pumping  stations  and  for  intercepting  sewer  and  force  main  easements  and  rights  of 
way.  Allowances  for  land  costs  at  treatment  plant  and  pumping  station  sites  are  based 
on  generalized  estimates  furnished  by  local  authorities.  These  generalized  land 
acquisition  allowances  are  based  on  estimated  land  values  in  the  areas  concerned  and 
do  not  necessarily  reflect  actual  market  values  of  specific  sites.  An  allowance  of  $2.00 
per  linear  foot  (l.f.)  has  been  included  for  permanent  sewer  easements. 

Available  sub-urfaco  data  lor  the  study  area  were  reviewed  in  connection  with  the 
preparation  of  crrst  estimates  for  proposed  sewerage  facilities,  ((pen  cut  excavation  is 
considered  generallv  applicable. 
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Generalized  t ost  curves  developed  for  treatment  plant  and  pumping  station  operation 
and  maintenance  are  discussed  below.  Treatment  plant  operation  and  maintenance 
costs  include  labor,  power,  chemicals,  equipment,  anil  materials.  Pumping  station 
costs  are  based  primarily  on  prevailing  labor  and  electric  power  rates.  Labor  rates 
utilized  herein  are  somewhat  higher  than  the  average  prevailing  rate  for  skilled 
personnel,  and  optimum  staffing  levels  have  been  assumed.  It  is  recognized  that  wage 
rates  are  currently  increasing  and  that  a shortage  of  skilled  labor  exists.  Electric  power 
rates  are  estimated  at  about  S0.02  per  kilowatt  hour  (including  demand  and  energy 
charges ). 

\nnnal  maintenance  costs  for  intercepting  sewers  and  force  mains  have  been 
estimated  at  0.2.'>  percent  of  the  estimated  construction  cost  for  these  lacilities. 

SEWAGE  TREATMENT  PLANT  CONSTRICTION 

Sewage  treatment  plant  construction  cost  curves  are  presented  on  Graph  (a)of  lig.  \ II- 
1 for  secondary  plants,  together  with  curves  for  additional  costs  of  advanced 
treatment.  Secondary  treatment  plant  costs.  Curve  I.  include  the  costs  of  preliminary 
treatment  facilities  and  are  based  on  adjacent  low  bids  anil  construction  costs  for 
treatment  plants  in  Texas  and  other  parts  of  the  country.  The  additional  cost  of 
advanced  treatment  (phosphate,  nitrogen  and  organic  removal).  Curve  2.  is  based  on 
available  cost  data  on  a number  of  current  advanced  waste  treatment  facilities.  In 
addition,  we  have  utilized  ”A  Compilation  of  Cost  Information  for  Conventional  and 
Advanced  Wastewater  Treatment  Plants  and  Processes"  by  Mr.  Robert  Smith  of 
I'  \\  PCA  published  in  December  1467. 

The  additional  cost  of  advanced  treatment  (phosphate  removal  only  ).  Curve  is  based 
on  cost  data  developed  by  the  FW PCA  for  the  Lake  Michigan  Water  Pollution 
Enforcement  Conference  and  published  in  Environmental  Science  and  Technology 
magazine  in  March  1468. 

Ilecause  of  the  wide  variations  in  the  cost  of  expanding  existing  treatment  plants,  the 
cost  of  such  expansion  is  considered  to  be  the  same  as  for  a new  plant  of  equivalent 
eapaeitv.  Modern  technology  may  cause  actual  expansion  costs  in  some  cases  to  he 
lower  than  t hose  result  ing  from  I be  curves  shown. 

The  cost  data  presented  do  not  include  costs  for  storm  flow  sedimentation  and 
chlorine  contact  facilities  discussed  in  Chapter  \ 1. 

SEW  AGE  TREATMENT  PLANE  OPERATION  \NI>  MAINTENANCE 


Sewage  treatment  plant  operation  and  maintenance  cost  curves  are  presented  on 
Graph  lb)  of  I'ig.  A ll-l  lor  the  same  plant  categories  as  the  construction  cost  curves. 
The  estimated  annual  operation  and  maintenance  costs  include  labor,  power, 
equ  ipmen  t . chemicals  (lime,  ferric  chloride,  chlorine,  etc. ).  and  m i seel  la  neons  supplies 
required.  I he  ms|  curve  tor  secondarv  treatment.  Curve  I.  is  based  on  operation  and 
maintenance  costs  for  such  plants  in  I exas  and  other  parts  of  the  country  . Recent 
annual  costs  for  Dallas  and  Fort  AA  c t h are  in  general  agreement  with  this  curve. 
Annual  costs  vary  from  about  81.00  to  82.00  per  capita  with  the  larger  Texas  cities 
averaging  about  81.00  per  person. 
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The  additional  annual  cost  of  operation  and  maintenance  for  advanced  treatment 
(phosphate,  nitrogen  and  high  organic  removal).  Curve  2,  is  based  on  a report  by 
Messrs.  Alfred  F.  Siechta  and  Gordon  L.  Culp.  "Vi  a ter  Reclamation  Studies  at  South 
Tahoe  Public  l tility  District”  May  1%7,  published  in  the  Journal  of  the  'S  ater 
Pollution  Control  Federation.  Additional  information  for  this  curve  was  obtained 
from  Mr.  Smith’s  1967  compilation  for  the  F'Vi  PCA.  The  costs  obtained  from  this  curve 
must  be  added  to  those  obtained  from  Curve  1 to  develop  total  annual  operation  and 
maintenance  costs  for  activated  sludge  plants  w ith  phosphate  removal. 

The  additional  annual  cost  of  operation  anil  maintenance  for  tertiary  treatment 
(phosphate  removal).  Curve  3,  is  based  on  the  March,  1968  F'Vi  PCA  data  published  in 
"Fin  ironmenlal  Science  and  Technology”.  The  costs  obtained  from  this  curve  must  he 
added  to  those  from  Curve  I to  develop  total  annual  operation  and  maintenance  costs 
for  plants  providing  full  tertiary  or  advanced  wastewater  treatment. 

PUMPING  STATION  CONSTRUCTION 

Sewage  pumping  stations  discussed  herein  refer  only  to  those  stations  that  are  located 
physically  apart  from  sewage  treatment  plants.  The  estimated  costs  of  the  pumping 
facilities  that  generally  are  required  in  treatment  plants  have  been  included  in  the 
treatment  plant  construction  costs. 

Sewage  pumping  station  construction  costs  shown  on  Graph  (c)  were  developed  from 
bids  for  the  construction  of  pumping  stations  of  various  sizes  in  various  locations. 
T hese  hid  costs  were  adjusted  to  study  area  cost  conditions. 

PUMPING  STATION  OPERATION  AND  MAINTENANCE 

Sewage  pumping  station  operation  and  maintenance  cost  curves  are  shown  on  Graph 
(d)  on  Fig.  YII-1.  Costs  on  this  curve  are  presented  on  the  basis  of  annual  costs,  average 
dailv  flow,  and  total  dynamic  (pumping)  head  with  costs  of  labor,  power,  and 
miscellaneous  supplies  included.  The  estimated  operation  and  maintenance  costs  ol 
the  pumping  facilities  that  generally  are  required  in  treatment  plants  have  been 
included  in  the  treatment  plant  operation  and  maintenance  costs. 

Data  for  these  curves  were  developed  from  the  curve  presented  in  the  Marin  County. 
California  Report  bv  Brown  and  Caldwell  in  1967  entitled.  "Operating  Costs  of  Sewage 
Pumping  Stations”,  with  the  costs  of  attendance  labor  added  and  with  adjustments  to 
reflect  Texas  cost  conditions. 

FORCE  MAIN  CONSTRUCTION 


Force  main  construction  costs  shown  in  Graph  (e)  were  developed  from  New  England 
bid  data  and  adjusted  to  Texas  cost  conditions.  Bids  from  several  recent  construction 
projects  in  the  study  area  compare  favorably  with  this  curve. 

Off  roadway  installation  has  been  assumed  along  with  open  cut  excavation  and  with 
excavated  material  stored  trench  side.  Costs  are  based  on  normal  excavation,  and  no 
allowances  have  been  made  for  water  handling,  ledge,  boulders,  sheeting  or  pavement 
replacement.  Trench  depth  has  been  assumed  to  permit  a minimum  cover  of  4-ft  0-in 
for  all  sizes  of  pipe. 
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The  eost  of  excavation  has  been  taken  at  $1.25/c.y.  Cast-iron  pipe  costs 
hauling,  laying  and  jointing  of  pipe,  and  a 5 percent  allowance  for  fittings. 


SKWKK  CONSTRUCTION 


Sewer  Construction  costs  shown  in  Graph  (f)  were  developed  from  pipe  prices 
furnished  by  Gifford-Hill  Pipe  Company.  Pipe  prices  were  adjusted  to  reflect  the  costs 
of  Class  III  thick-wall  reinforced  concrete  pipe  (delivered  to  job  site)  commonly  used 
in  the  study  area  to  accommodate  the  effect  of  crown  corrosion  due  to  hvdrogen 
sulfide  gas.  Costs  for  hauling,  laying  and  jointing  of  the  pipe  were  adjusted  to  reflect 
study  area  cost  conditions. 


I he  curve  reflects  off-roadway  construction  and  open  cut  excavation  with  excavated 
material  stored  trench  side.  Normal  excavation  has  been  allowed  and  no  allowance  has 
he  en  made  for  sheeting,  dewatering,  ledge,  boulders  or  pavement  replacement.  Prices 
include  an  allowance  for  gravel  bedding  and  manholes,  as  well  as  contractor’s  overhead 
and  profit. 
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CHAPTER  VIII 


EXISTING  PLANT  REQUIREMENTS 

NEED  TO  DETERMINE  REQUIREMENTS 

It  i-  essential  in  the  preparation  of  a comprehensive  sewerage  plan  to  sene  the  North 
(>*ntral  Texas  area  that  existing  sewage  treatment  facilities  he  given  consideration 
\n  ith  regards  to  their  potential  for  future  utilization.  At  present  there  are  an  estimated 
132  municipal  sewage  treatment  plants  serving  the  population  of  the  study  area,  and 
these  plants  represent  a great  investment  in  water  pollution  control.  These  plants  are 
described  in  Chapter  IV.  It  is  reasonable  to  expect  that  these  plants  should  he  utilized 
in  a comprehensive  sewerage  plan  wherever  possible. 

On  the  other  hand,  economv  of  size  and  efficiency  of  operation  as  discussed  in 
Chapters  I\  and  X indicate  clearly  the  desirability  of  consolidation  of  facilities  in  the 
Dallas-Fort  Worth  metropolitan  area.  Consolidation  of  plants  within  this  area  means 
the  phasing  out  of  a number  of  existing  plants  before  the  end  of  the  design  period 
(year  2020).  Some  of  these  plants  are  currently  being  enlarged  and  some  are  now 
producing  acceptable  effluents. 

The  Texas  Water  Quality  Board  (TWQB)  issues  discharge  permits  for  the  discharge  of 
wastewaters  into  Texas  lakes  and  streams,  as  discussed  in  Chapter  111.  In  general,  new 
treatment  plants  are  permitted  to  discharge  to  streams  and  lakes  effluents  containing 
monthlv  average  concentrations  not  exceeding  20  mg  1 of  BOD  (Biochemical  Oxygen 
Demand)  and  20  mg  I of  total  suspended  solids  ( SS ).  In  the  case  of  some  older  plants, 
requirements  have  been  based  on  past  performance  and  these  requirements  are  being 
rev  iewed  by  the  T\\  QB  with  the  possibility  that  they  will  be  brought  into  line  with  the 
requirements  for  new  plants.  Discharge  flow  requirements  are  also  established  in  the 
permits. 

The  TWQB  is  now  requiring  the  chlorination  of  treatment  plant  effluents  (except 
oxidation  pond  effluents)  before  discharge  to  receiving  waters,  and  many  plants  in  the 
study  area  do  not  vet  provide  chlorination.  Not  all  existing  permits  now  specify 
chlorination  requirements.  New  permits  however  frequently  specify  a chlorine 
residual  concentration  in  the  effluent  of  1.0  mg  I after  20  minutes  contact  time.  Such  a 
residual  is  considered  acceptable  in  terms  of  achieving  bacterial  standards. 
Consideration  shoidd  be  given  by  the  T\\  QB  to  establishing  chlorination 
requirements  to  achieve  virus  removal,  which  would  be  greater  than  those  for  bacteria 
remov  al. 

Permissible  concentrations  of  nutrients  such  as  phosphates  and  nitrates  in  the  stream 
have  not  been  established  to  date.  Nutrient  standards  should  he  considered  bv  the 
TWQB  to  minimize  eutrophication  problems  as  discussed  in  Chapter  III.  It  is 
partieularlv  important  that  plants  proposed  for  enlargement  to  become  joint  use 
plants  and  other  major  plants  be  upgraded  to  provide  effluents  meeting  nutrient 
standards  as  well  as  present  permit  requirements. 
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EXISTING  PLANT  CAPABILITY 


The  capability  of  existing  treatment  plants  to  serve  as  parts  of  the  future  area-wide 
sewerage  system  is  dependent  in  large  measure  upon  their  ability  to  provide  the  high 
qualitv  effluent  in  keeping  with  water  quality  requirements.  An  evaluation  of  the 
existing  152  sewage  treatment  plants  in  the  study  area  has  been  made  based  upon  four 
considerations  as  follows: 

1.  A comparison  of  site  area  presently  available  (owned)  with  that 
which  might  be  required  for  future  plant  capacity  at  that  same  site  in 
the  absence  of  an  area-wide  or  joint  system. 

2.  \ comparison  of  the  sewage  flow  recorded  during  the  voar  1968  (or 
adjacent  year)  with  the  allowable  flow  under  its  permit. 

3.  A comparison  between  the  BOD  recorded  during  the  vear  1968  (or 
adjacent  year)  and  the  BOD  allowed  under  its  permit. 

4.  A comparison  of  the  1968  (or  adjacent  year)  recorded  suspended 
solids  concentration  with  its  permit  requirements. 

Ml  plants  listed  in  Table  Y1I1-1  have  been  judged  as  to  their  general  adequacy  under 
1968  conditions  on  the  basis  of  meeting  the  permitted  sewage  flow.  BOD  and 
suspended  solids  requirements.  If  the  recorded  figures  are  lower  than  the  permitted 
amounts  in  all  cases,  they  are  judged  to  he  adequate.  \\  bile  it  is  recognized  that  plant 
records  varv  from  dav  to  day  and  year  to  year,  if  plant  recorded  data  indicate  that  it 
fails  to  meet  permit  requirements  in  at  least  one  of  these  criteria,  it  is  judged  to  he 
inadequate.  Where  insufficient  data  are  available  to  render  a judgment,  no  statement 
as  to  its  adequaev  is  presented.  It  is  recognized  that  the  presence  ot  excessive  storm 
flows  results  in  a reduction  of  efficiency,  hut  this  is  not  reflected  in  the  adequacy 
determination.  It  is  important  to  note  that  sewage  flow  rates  and  strengths  generally 
are  increasing  vear  by  year,  and  therefore  it  may  be  concluded  that  some  plants  listed 
adequate  under  1968  conditions  may  not  he  adequate  under  conditions  prevailing  in 
1970.  Generalized  land  requirements  for  year  2020  requirements  have  been  estimated 
based  upon  site  areas  needed  at  existing  plants  in  other  areas.  No  allowance  is  made 
for  more  efficient  land  use  that  may  result  in  the  future  from  new  treatment 
processes.  Thus,  estimated  land  requirements  are  considered  to  he  higher  than  may 
actuallv  he  required. 

The  adequacy  of  the  six  facilities  proposed  for  utilization  as  joint  treatment  plants  i~ 
discussed  below  . 

TRA-TKN  MILE  CREEK  PLANT  (ID-161) 

The  TH\-Ten  Mile  Creek  Treatment  Plant  is  presently  under  construction,  and  an 
evaluation  of  its  efficient  v and  adequacy  must  await  the  receipt  of  plant  operating 
data  Chlorination  facilities  are  being  provided.  The  site  area  available  is  100  acres 
whereas  130  acres  is  expected  to  he  required  for  the  joint  facilities  to  treat  the 
estimated  2020  sewage  flow  of  about  If  mgd. 
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lAbLE  V 1 1 1 — 1 . 


ADEQUACY  OF  EX I ST I SC  SEWAGE  TREATMENT  PLANTS 
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Si:e  Ate*  ..mi  Average  Avi  ra*.  . 'i.  ■ > Aver**^  :.b  . 

Avail  Required'*)  :966TT)  ie'rn.it  I968T-''  Feririt  ivW'3'i  t.-r-.t 

. - • rd  A . . -a.  . • 


TRINITY  RIVER  WATERSHED  i 


1A-21 1 Kerens 

1B-M2  Sonoma  (Ennis  System)  4 

IC-90  Nickerson  & Nickerson,  Inc. 

(Palmer) 

IC-91  Palmer 

ID-145  Wllaer  (A)(5) 

ID- 16*  TRA  Ten  Mile  Creek  (J)'6'  100 

IE-147  Kleberg  (A) 

IE-149  BaKh  Springs  (Dallas  - 

Hickory  Tree  WCID  #6)  (A)  40 

IE- 150  Seagoville  Fed.  Corr. 

nst  ( a i 

1 F- 146  Dallas  - South  Side  (J)  6*0 

1C-143  Hutchins  (A) 

IK- 66  Richardson  (A)  5 

II -l '5  Dallas  - White  Rock  (J)  (,„(g 

11-176  Dallas  (J)  < 

Subtotal 

- . . i . . . 

2A-202  Mabank 

2A-203  Malakoff 

2A-2G4  Athens  - North  20 

2A-205  Athens  - West  46 

2A-208  Trinidad 

28-191  Wills  Point 

2C-192  Terrell  - Kings  Creek  )8 

2C-193  Terrell  - Bachelor  Creek  20 

2C-196  Kauiman  4 

2C-199  Kemp 

Subtotal 

RK  TRINITY  RI\ 

3A-58  Seagoville  (A) 

3A-61  Crandall 

3B-13  Farmersville 

38-16  Rockwall  (A)  6 

38-51  Forney 

3C-54  Mesquite  (A)  38* 

3D-23  Garland  - Duck  Creek  (J)  138 

3E-26  Plano  (A)  27 

3F-40  Garland  - Rowlett  Creek  (A)  109 

3G- 34  Wylie  (A) 

3H-1  Anna 

3H-J  McKinney  - North  (A)  4 

3H-24  McKinney  - South  (A)  170 

31-0  Van  Alstvne 

31-5  Princeton 

3J-7  Tom  Bean 

3J-8  Blue  Ridge 

3J-11  Trenton 

3-1-14  Leonard 

Subtotal 


0.08 

4.00 

O.lOe  I 
1.60 

67 . 20e  ( 

' 

106 . 9 5e 


ELM  FORK  TRINITY  RIVER  - WATERSHED  ( 

4A-81  Lewisville  (A) 

4A - 1 66  TKA  Central  (J) 

4B-149  J.  W.  Helton  (Justin) 
4B-150  Justin 


:rarevine  (A) 
reen  Ares  Fstates  (A) 
Muenster 
Lindsay 
Gainesville 
Lake  Dallas 
Denton 
Prosper 
Frisco 
Krutn 
Sander 

Nickerson  6 Nickerson.  Inc. 

(Sanger) 

Pilot  Point 
Aubrey 


Collinsville 

Tioga 


WEST  FORK  TRINITY  RIVER  - WATERSHED  j 

5A-20  Keller  (N. Tarrant  Co. 

M.W.D.)(A) 

5A-24  rape vine  (A) 

5A-60  ujeenview  Addition  (A) 

5B-170  ‘.reen  Valley  Mobile  Home  Park 
(Smithf ield)(A) 

5C-1  Venus 

5C-500  Midlothian 
5D214  Mansfield 
5F  - i 95  Arlington  (A) 
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DALLAS-SOUTH  SIDE  PLANT  (IF- 146) 


lhe  Dallas-South  Side  Treatment  Plant  is  planned  for  expansion  in  the  near  future 
v\h<-n  flows  from  the  Five  Mile  Creek  area  and  other  areas  are  diverted  into  it.  Records 
i nd  irate  that  a\  erage  effluent  coneent  rat  ions  I rum  the  existing  oxidation  ponds  do  not 
meet  permit  requirements,  and  no  chlorination  is  provided.  Land  area  available  is 
about  640  acres  anil  is  considered  ample  for  any  foreseeable  requirements.  The 
estimated  land  requirements  for  facilities  to  serve  estimated  year  2020  flows  of  about 
80.5  mgd  is  about  225  acres. 

DALLAS-WHITE  ROCK  PLANTS  (11-175,11-176) 

The  Dallas  and  Vi  bite  Rock  Plant  records  indicate  that  they  do  not  meet  permit 
requirements  for  average  flow,  ROD.  or  SS.  In  July,  1070.  chlorination  of  effluents  is 
scheduled  to  begin.  Future  flows  from  some  tributary  areas  are  expected  to  be 
diverted  to  the  Dallas  South  Side  Plant.  Land  area  available  at  the  Dallas-White  Rock 
site  is  about  475  acres,  and  the  area  estimated  to  be  required  by  facilities  to  serve  the 
estimated  2020  sewage  flow  of  200  mgd  is  about  520  acres.  The  additional  land  area 
actually  needed  (if  any)  will  depend  on  process  changes  and  the  flows  diverted  to  the 
South  Side  Plant. 

GARLAND-DUCK  CREEK  PLANT  (3D-23) 

I he  Garland-Duck  Creek  Treatment  Plant  is  currently  being  considered  for  expansion 
from  its  existing  capacity  of  10  mgd  up  to  30  mgd.  Expansion  is  necessary  because 
average  flows  in  1969  exceeded  design  capacity.  In  1968  the  plant  effluent  did  not  meet 
permitted  ROD  and  SS  concentrations.  The  existing  land  area  available  at  this  site  is 
about  130  acres,  and  the  land  requirement  for  facilities  to  serve  the  estimated  year 
2020  flow  of  about  155  mgd  is  about  400  acres. 

TRA-CENTRAL  PLANT  (4A-166) 

The  TRA-Central  Treatment  Plant  is  currently  operating  well  within  its  permitted 
average  flow  rate.  It  also  meets  the  SS  requirements  of  100  mg/1  but  does  not  meet  the 
BOD  requirements  based  on  its  1968  record.  No  effluent  chlorination  is  provided  at 
this  plant.  The  present  available  site  aland  area  is  about  490  acres.  For  the  estimated 
year  2020  sewage  flow  of  256.00  mgd  the  anticipated  land  requirements  are  about  640 
acres. 

FORT  WORTH-VILLAGE  CREEK  PLANT  (5G-180) 

The  Fort  Worth  Village  Creek  Treatment  Plant  is  currently  being  expanded  from  30 
mgd  to  45  mgd  capacity.  When  this  plant  is  further  expanded  as  planned  by  tin-  City, 
the  existing  Riverside  Treatment  Plant  will  he  phased  out.  Based  on  1968  records  the 
\ illage  Creek  Plant  did  not  meet  permitted  ROD  and  SS  concentrations.  In  July.  1970. 
chlorination  of  the  Riverside  plant  effluent  is  scheduled  to  begin.  The  present  land 
area  of  the  \ illage  Creek  Plant  (including  sludge  drying  beds)  is  about  347  acres.  The 
land  requirement  for  facilities  to  handle  the  estimated  year  2020  sewage  flow  of  about 
299  mgd  is  about  750  acres. 
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CONCLUSIONS 


With  reference  to  Table  \ 1 1 1 — I evaluation  of  the  adequacy  of  existing  sewage 
treatment  plants  in  the  study  area  indicates  that  of  the  132  existing  plants  only  ten 
meet  all  the  criteria  presented  above.  Fifty-one  of  the  plants  are  judged  to  he 
inadequate  under  19611  conditions  and  the  current  TW  QH  permit  requirements.  Of 
these  fifty-one,  fifteen  are,  as  noted  on  Table  \ 111-1,  scheduled  to  he  phased  out 
when  joint-use  facilities  are  constructed.  The  remaining  thirty-six  (which  include 
six  joint-use  plants)  should  be  upgraded.  Data  on  the  remaining  71  plants  were  not 
considered  sufficient  to  make  a determination. 

None  of  the  six  operating  plants  proposed  to  he  expanded  into  joint  treatment 
facilities  as  part  of  the  recommended  plan  meets  present  State  requirements,  which 
include  chlorination. 

It  is  evident  that  six  treatment  plants  recommended  to  he  expanded  to  become  joint 
facilities  as  part  of  the  recommended  plan  and  other  major  plants  must  he  upgraded 
in  order  to  meet  present  permit  requirements.  In  order  for  these  plants  to  meet  future 
water  quality  requirements  not  only  will  average  flow.  HOI),  and  SS  requirements 
have  to  he  met,  hut  in  our  opinion,  concentrations  of  nutrients  and  dissolved  oxygen 
in  their  effluents  will  also  require  control.  In  general,  there  does  not  appear  to  he  a 
serious  problem  with  regard  to  land  available  for  future  sewage  treatment  plant 
expansion  requirements;  however,  adequate  land  to  provide  facilities  for  future  needs 
should  he  set  aside  at  an  early  date  to  preclude  its  possible  use  for  ot her  purposes. 
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CHAPTER  IX 

ALTERNATIVE  REGIONAL  SEWERAGE  SYSTEMS 

GENERAL  CONSIDERATIONS 

I lie  largo  mimlirr  of  sewage  treatment  plants  scattered  throughout  the  I pper  I rinily 
River  Basin  suggests  the  possibilitv  of  greater  consolidation  of  such  facilities  in  the 
interests  of  greater  efficiency  and  economy . This  chapter  summarizes  the  investigation 
conducted  to  evaluate  alternative  means  of  providing  sewerage  facilities  for  the  study 
area.  \ proliminarv  investigation  was  made  for  each  major  watershed  within  the  study 
area  to  determine  the  most  favorable  systems  lor  analysis.  In  general,  the  basic 
objective  of  the  analysis  is  to  determine  the  most  advantageous  alternatives,  without 
regard  to  political  or  water  pricing  budgetary  constraints,  with  least  cost  being  one 
basis  for  the  selection  of  recommended  sewerage  systems.  The  suggested  means  of 
administration  for  the  recommended  plan,  including  methods  of  financing, 
operation,  and  maintenance,  are  discussed  in  Chapter  XII. 

\ considerable  variety  and  quantity  of  information  is  required  for  the  investigation 
and  selection  of  sewerage  systems  to  serve  an  area  as  great  as  the  North  Central  Texas 
region.  Such  engineering  in  forma  lion  includes  the  follow  ing:  (a)  location,  capacity  and 
condition  of  existing  sewage  treatment  plants  and  trunk  sewers;  (b|  water  quality 
standards  for  the  Trinity  River  and  associated  tributaries  and  reservoirs;  (c) 
projections  of  future  sewage  flows  and  loadings  for  population  centers;  (d)  design 
criteria  and  cost  estimates  for  sewage  treatment  plants,  interceptors,  pumping 
stations,  and  force  mains.  In  addition,  the  topography  of  the  region  i>  significant  in 
the  selection  of  possible  routes  for  i nterceptors  and  force  mains. 

The  first  portion  of  this  chapter,  together  with  \ppendix  I',  describes  a mathematical 
model  which  entplovs  the  computer  to  analyze  a tentative  or  trial  network  ot  sewerage 
facilities  and  determine,  on  t tie  basis  of  cost,  the  follow  ing  items: 

1.  Number,  location,  and  capacity  of  sewage  treatment  plants  (local, 
joint,  or  regional).  As  used  herein,  the  term  “joint  plant"  refers  to  a 
plant  which  serves  two  or  more  population  centers,  and  the  term 
"regional  plant"  refers  to  a plant  which  serves  two  or  more  watersheds. 

2.  Route  and  capacity  for  the  interceptors  and  force  mains  associated 
with  joint  or  regional  sewage  treatment  plants. 

I he  final  port  ions  of  this  chapter  describe  the  ana  lyses  and  recommended  alternatives 
lor  the  various  watersheds  within  the  study  area.  A more  comprehensive  discussion  of 
tile  recommended  alternatives  is  contained  in  Chapter  \. 

SYSTEMS  ANALYSIS  STUDY 

GENERAL 

The  economy  of  size  for  treatment  plants  is  the  feature  of  primary  importance  in  the 
economic  analvsis  of  regional  sewerage  systems;  i.e..  the  cost  per  unit  of  capacity 
decreases  as  the  total  rapacity  increases.  For  example,  if  the  capacitv  of  a secondarv 
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treatment  plant  (expressed  in  terms  of  average  daily  flow  in  mgd)  is  doubled,  the  total 
construction  cost  per  mgd  of  capacity  decreases  by  approximately  20  piycent  as  shown 
on  Fig.  \ 1 1- 1 . Likew  ise,  operation  and  maintenance  costs  per  unit  of  capacity  decreases 
as  plant  capaciH  increases. Thus,  it  i>  considered  economical  to  transport  s<  wage  to  a 
joint  or  regional  treatment  plant,  if  the  total  cost  of  transmission  (interceptors,  force 
mains,  and  pumping  stations)  plus  the  cost  of  the  plant  is  less  than  the  total  cost  of 
several  smaller  treatment  plants  at  collection  points  near  the  population  centers. 


Similarly,  the  costs  of  transmission  facilities  reflect  economy  of  size:  doubling  the 
capacitv  of  a gravity-flow  sewer  reduces  the  total  cost  per  unit  of  capacity  by 
approximately  20  percent  as  shown  on  Fig.  \ 1-2.  The  same  general  effect  is  seen  in  the 
costs  for  pumping  stations  and  force  mains. 


Generally  it  is  not  economical  to  carry  consolidation  to  the  extreme  of  building  one 
huge  plant  for  an  entire  region,  with  interceptors  running  through  miles  of  open 
country  to  serve  sparsely  populated  villages.  Limited  consolidation,  however,  with 
urban  areas  served  by  joint  systems  and  rural  communities  served  hy  separate  local 
treatment  plants,  appears  to  he  a logical  objective. 


To  determine  the  most  economical  alternative,  it  is  desirable  to  examine  many 
possible  combinations  of  sewage  sources  and  locations  for  regional  treatment 
plants.  The  electronic  computer  is  a valuable  aid  in  performing  this  function. 


For  the  purpose  of  cost  comparison,  the  average  annual  cost  including  capital,  land, 
operation,  and  maintenance  costs  was  used,  rather  than  total  present-worth  capital 
cost,  to  provide  easier  comprehension  of  the  results.  Generalized  cost  curves  for  each 
type  of  facility  are  contained  in  Chapter  Nil.  It  was  assumed  that  bonds  for  capital 
construction  costs  are  repaid  at  a given  interest  rate  and  that  equal  portions  of  the 
principal  are  repaid  annually  over  a period  of  20  years.  Although  6-1  2 percent 
appears  to  reflect  the  current  market,  and  has  been  used  in  most  of  the  studies, 
interest  rates  of  5-1/2  percent  and  7-1  2 percent  have  been  employed  in  several  cases 
to  examine  the  sensitivity  of  the  results  to  changes  in  the  interest  rate.  Since  annual 
interest  payments  on  the  unpaid  balance  decrease  uniformly  over  the  thirty-year 
period,  the  average  annual  cost  for  construction  was  computed  as  the  average  of  the 
20  annual  payments.  Average  annual  costs  of  operation,  maintenance,  and  power  for 
treatment  plants  and  pumping  stations  were  computed  from  the  average  annual 
sewage  flows  over  a design  period.  Design  periods  considered  cover  the  time  spans 
1975-1990  and  1975-2020. 


MATHEMATICAL  MODEL 


The  design  criteria  and  unit  cost  estimates  for  t he  various  types  of  facilities  have  been 
presented  in  Chapters  \.\l.  and  Nil.  These  data  have  been  adapted  for  the 
mathematical  model  and  are  summarized  below. 


Treatment  Plants.  The  generalized  cost  curves  for  treatment  plants,  presented  in 
Chapter  \ II,  show  that  cost  as  a function  of  capacity  can  be  described  hv  a straight  line 
on  a log-log  plot.  The  average  annual  cost  can  then  be  computed  hv  the  following 
equation: 
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C = ACF  aQb  + (O'1 


w here  ( ! = Average  annual  tost  of  a treatment  plant,  in  SI  ,000/year; 

ACF  = Annual  cost  factor  to  transform  the  construction  cost  to  an 
equivalent  annual  cost; 

f)  = Capaeitv  of  treatment  plant,  in  mgd; 

a.b  = Numerical  constants  describing  the  construction  cost  curve.  (If  the 
cost  of  land  is  excluded,  a = 900.  b=  0.735  for  secondary  treatment); 

(,)  = Average  annual  sewage  flow  over  the  design  period,  in  mgd; 

c.d  = Numerical  constants  describing  the  cost  curve  for  operation  and 
maintenance.  (For  secondary  treatment,  c = 46,  d=  0.778). 

The  cost  of  land  in  dollars  per  acre  must  he  estimated  separated  for  each  treatment 
plant  site,  while  the  land  requirement  in  acres  can  be  estimated  as  a function  of  plant 
size.  For  each  site,  the  total  cost  of  land  was  converted  to  an  equivalent  annual  cost  and 
added  to  the  value  of  C.  to  obtain  the  total  annual  cost. 

Interceptors.  The  generalized  construction  cost  for  interceptors  in  dollars  per  foot  of 
length  for  each  standard  sewer  size  was  included  in  the  input  data.  For  sewer  size,  an 
average  depth  of  cover  (depth  from  ground  surface  to  sewer  crown  elevation)  equal  to 
12  feet  was  assumed.  The  estimated  cost  ol  land  easements  for  sewers  was  considered  to 
he  $2  per  linear  foot.  (I.f.).  and  the  estimated  annual  cost  of  maintenance  was  based  on 
0.25  percent  of  the  construction  cost.  For  diameters  greater  than  108-in.  the  cost  was 
assumed  to  increase  linearly  with  the  diameter.  Instead  of  circular  conduits  of  such 
size  shapes  other  than  circular  are  sometimes  utilized,  and  multiple-barrelled 
conduits  mat  be  employed. 

The  peak  dry  weather  flow  in  mgd  (Qd ).  as  a fund  ion  of  the  average  daily  flow  ((,)).  was 
estimated  from  the  formula: 


yd  = 3.8  y.«23 


This  relationship  is  a close  approximation  of  the  curve  presented  in  Fig.  \ -5.  An 
additional  allowance  of  75  gallons  per  capita  per  day  (gped)  for  peak  infiltration  was 
assumed  in  obtaining  the  design  peak  flow.  The  required  sewer  capacity  was  obtained 
bv  dividing  the  design  peak  flow  by  the  factor  0.75.  However,  the  sewer  capacity 
selected  is  subject  to  the  restrictions  described  below. 

Sewer  diameters  were  computed  from  the  Manning  formula  using  an  "n“  value  of 
0.013.  For  a given  value  of  slope,  the  diameter  corresponding  to  the  required  sewer 
capacity  was  then  computed.  A larger  diameter  was  selected,  if  necessary,  to  obtain  a 
scouring  velocity  of  2 fps  when  the  sewer  is  flowing  full  or  half  full.  In  addition,  a 
minimum  allowable  diameter  of  24-in  was  used  in  selecting  sewer  sizes  for  interceptors 
and  relief  trunks  considered  in  this  study.  The  full  capacities  of  existing  trunk  sewers 
were  utilized  before  relief  trunks  were  considered  necessary  . 
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Iii  tin-  computer  analysis.  scuer  diameters  were  considered  to  win  continuously, 
rather  t hail  in  discrete  jumps  corresponding  to  the  standard  si/.ed  of  2 f-in.  30-in.  26-in. 
etc.  After  the  cost-minimization  procedure  was  completed,  standard  sizes  were 
selected. 

Pumping  Stations.  The  design  peak  flows  for  pumping  stations  were  computed  in  the 
same  manner  as  for  sewers,  described  above.  The  installed  capacity  was  computed  b\ 
multiplying  the  design  peak  Ilow  hi  4/3.  to  allow  lor  installation  of  standby  pumps. 
The  average  annual  costs  lor  construction,  operation,  and  maintenance  were 
computed  from  generalized  cost  curves  in  a form  similar  to  that  described  above  for 
treatment  plants. 

\v erage  annual  power  costs  were  computed  from  the  average  annual  flows  and  a\ erage 
total  dynamic  head.  The  slat ic  head  for  each  pump  station  was  given  in  the  input  data, 
and  the  friction  head  was  computed  using  the  length  and  'i/.e  of  the  force  main,  as 
d iscussed  below . 

force  Mains.  The  construction  cost  per  linear  foot  as  a function  of  diameter  was 
computed  using  the  design  peak  flow,  the  Ha/.en-Vi  illiams  formula  with  a roughness 
coefficient  (1=  120.  and  a head  loss  of  3 ft  per  1.000  ft  length.  For  diameters  greater 
t han  48  in.  the  cost  is  assumed  to  increase  linearly  with  the  diameter. 

Representation  oj  Sewerage  Systems.  \ sewerage  system  is  considered  to  consist  of  a 
geographical  distribution  of  collection  or  loading  points  for  locally-generated  sewage 
I lows  actually  or  potentially  linked  together  in  a tree-like  formation  hv  gravity  and 
pressure  interceptors  which  transmit  flows  from  collect  ion  point  s on  the  "tw  igs“  of  the 
"tree"  via  the  "branches"  to  the  "trunk."  on  which  a sewage  treatment  plant  may  he 
situated,  as  shown  on  fig.  I \ - 1 . \ppcndi\  I'.  More  precisely,  the  system  is  defined  in 
terms  of  "nodes"  and"links."  \ node  mav  he  a collection  point  for  the  sewage  from  a 
local  municipality,  a treatment  plant  site,  a junction  where  two  or  more  interceptors 
meet,  or  a combination  id  these  items.  It  may  also  he  considered  as  a loading  point.  \ 
link  i'  considered  to  hi-  an  interceptor  joining  two  nodes;  it  mav  comprise,  in  series, 
several  gravity  interceptor  segments  of  varying  slopes  and  lengths,  and  or  several 
pumping  stations  and  pressure  interceptors. 

F.conomic  Analysis.  The  objective  of  the  economic  analysis  is  to  determine  the 
minimum-cost  combination  of  links  and  nodes.  This  analysis  is  referred  to  as  an 
optimization  procedure.  At  each  node,  the  choice  must  he  made  between  two 
alternatives;  construction  of  a treatment  plant  at  the  node  to  treat  the  total  sewage 
inflow  (local  inflows  plus  flows  from  upstream  nodes);  or  construction  of  facilities  to 
carry  the  total  sewage  inflow  to  the  next  downstream  node.  Several  common 
techniques  of  systems  analysis  might  he  considered  as  possible  methods  of  economic 
analysis  for  the  problem  at  hand,  of  which  linear  programming  and  dynamic 
programming  are  the  most  attractive.  Linear  programming  has  been  selected  as  the 
most  applicable  method  for  this  study.  A description  of  the  linear  programming 
procedure  is  contained  in  Appendix  I*. 

The  input  data  for  each  collection  point  consists  of  the  following: 

I.  The  projected  local  sewage  inflows  to  the  collection  point  for  the 
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sears  1975.  1990.  and  2020.  The  different  types  of  facilities  are  designed 
for  full  utilization  at  the  end  of  their  respective  design  periods.  The 
combinations  of  design  periods  used  in  this  study  are: 

a.  Treatment  plants  and  pumping  stations  designed  for  the  period 
1975  to  1990  (with  pros  isions  for  expansion  after  1990).  Interceptors  and 
force  mains  designed  for  year  2020.  (As  discussed  in  Chapter  \ I.  this 
combination  is  recommended). 

b.  All  facilities  designed  for  the  period  1975  to  1990. 

c.  All  facilities  designed  for  the  period  1975  to  2020. 

2.  The  local  contributory  populations  for  the  node  in  1990  and  2020. 

These  sallies  are  used  to  estimate  the  peak  infiltration  flows  for 
pumping  stations,  interceptors,  and  foree  mains. 

3.  The  type  of  treatment  facilities  (secondary  or  advanced)  installed  at 
the  node,  if  the  node  is  selected  as  a plant  site.  Alternatively,  the  node 
may  be  designed  as  an  unsuitable  location  for  a treatment  plant. 

1.  \n  assumed  allowance  for  the  cost  of  land  in  dollars  per  acre  for  tin- 
treatment  plant  site  at  each  node.  Although  the  land  cost  is  usually  a 
minor  item  in  the  total  cost,  the  cost  of  land  is  included  in  the  total  cost 
of  a treatment  plant  for  the  purpose  of  cost  comparisons. 

5.  The  capacity  of  an  existing  treatment  plant  at  the  node.  In  tin- 
program  computations,  it  is  assumed  that  all  existing  plants  provide 
secondary  treatment,  and  may  continue  in  operation  (with  expansion  if 
necessary  ) until  1990.  if  the  node  is  selected  as  a treatment  plant  site.  If 
the  node  is  included  in  a joint  collection  system,  the  existing  plant  is 
considered  to  be  phased  out.  For  secondary  treatment,  the  construction 
and  land  costs  for  plant  expansion  are  based  on  the  additional  required 
capacity,  while  the  annual  cost  of  operation  and  maintenance  is 
computed  using  the  total  sewage  inflow  to  the  plant,  bor  tertiary 
treatment,  the  additional  costs  of  construction,  operation,  and 
maintenance  are  based  on  the  total  estimated  inflow  to  the  plant. 

The  input  data  for  a link  consist  of  the  slope  and  length  of  each  gravity  interceptor 
segment,  and  the  static  pumping  head  and  lengt h of  each  pressure  interceptor  or  force 
main.  For  a link  that  represents  a relief  interceptor  laid  parallel  to  an  existing 
interceptor,  the  fidl  capacity  of  the  existing  interceptor  is  considered  to  be  utilized 
and  is  also  included  in  the  input  data. 

CONSIDERATIONS  IN  THE  SELECTION  OF  SYSTEMS 
FACTORS  INFI.I  KNCINC  THE  COST  COMPARISONS 

The  Fast  Fork  Trinity  and  Vi  est  Fork  Trinity  W atersheds  have  been  used  as  examples 
to  examine  the  effects  of  several  significant  factors  on  the  selection  of  regional  and 
joint  sewerage  systems.  The  factors  considered  are: 
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1.  Required  degree  of  treatment  (secondary  or  advanced). 

2.  Interest  rates  on  construction  bonds. 

.1.  Design  periods  for  the  different  facilities. 

4.  I tilization  of  existing  treatment  plants. 

5.  Federal  and  State  financial  assistance. 


I he  estimated  costs  of  the  alternative  systems,  for  selected  combinations  of  the  factors 
under  consideration,  are  shown  in  Tables  IX-1  and  IX-2.  (Unpaid  or  outstanding  debts 
on  existing  facilities,  and  costs  for  expanding  treatment  plants  and  pumping  stations 
in  1990  to  2020  capacity  are  not  included  in  the  costs  shown).  Of  the  four  alternatives 
selected  for  the  East  Fork  Trinity  Watershed,  Alternative  A is  equivalent  to 
continuation  of  the  present  system:  Alternatives  B,  C,  and  D correspond  with 
increasing  consolidation  of  treatment.  The  joint  sewerage  sy terns  associated  with 
Alternatives  A.  B.  C,  and  D would  handle  approximately  40  percent.  80  percent.  98 
percent,  and  98  percent  respectively,  of  the  estimated  1990  total  sewage  flow  generated 
in  the  F’.ast  Fork  Watershed.  For  the  West  Fork  Watershed,  the  joint  sewerage  systems 
for  Alternatives  A,  B.  and  C would  handle  approximately  80  percent,  96  percent,  and 
100  percent  respectively,  of  the  total  sewage  flows  within  the  watershed.  In  all  cases, 
the  remaining  flows  in  the  respective  watersheds  would  be  treated  by  separate  local 
plants. 

The  sensitivity  of  the  cost  comparisons  with  respect  to  the  required  degree  of 
treatment,  the  interest  rate,  and  the  design  period  is  shown  in  Table  IX-1.  The  total 
average  annual  costs  listed  in  the  table  for  each  alternative  include  the  amortized 
capital  cost  for  construction  of  all  facilities  in  the  respective  watersheds,  and  the 
annual  costs  of  operation  and  maintenance.  No  allowances  for  utilization  of  existing 
treatment  plants,  nor  for  Federal  and  State  financial  assistance  have  been  made  in  this 
table.  Table  IX-2.  discussed  below  contains  cost  comparisons  which  demonstrate  the 
effect  of  utilizing  the  capacity  of  existing  treatment  plants. 

Required  Degree  of  Treatment.  At  present,  a minimum  of  secondary  treatment  must 
be  provided  by  the  existing  treatment  plants  in  the  study  area.  If  it  is  considered  that 
only  secondary  treatment  is  to  be  provided  in  the  future  considerable  quantities  of 
water  for  low  flow  augmentation  would  be  required  to  attain  river  quality  standards. 
Since  water  for  low  flow  augmentation  is  difficult  to  obtain,  advanced  wastewater 
treatment  appears  to  be  a general  requirement  particulary  for  the  larger  plants,  if 
water  quality  requirements  are  to  he  met.  Low-flow  augmentation  requirements  for 
secondary  treatment  are  presented  in  Chapter  X. 

From  the  cost  comparisons  in  Table  IX-1.  it  is  apparent  that  the  required  degree  of 
treatment  has  a strong  influence  on  the  relative  costs  of  the  alternatives,  and  on  the 
magnitude  of  the  total  annual  cost.  If  only  secondary  treatment  is  to  he  provided  for 
all  sewage,  the  present  system  in  the  East  Fort  Trinity  Watershed  has  total  annual 
costs  lower  than  those  of  any  other  alternative,  and  no  increase  in  the  number  of 
contributors  would  he  economically  justified.  In  the  West  Fork  Trinity  Watershed. 
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(1)  Includes  amortized  capital  cost,  land,  operation,  and  maintenance.  In  this  table,  it  is  assumed 

that  no  existing  plants  are  utilized. 

(2)  Recommended  alternative. 

(3)  Excludes  costs  allocated  to  other  watersheds. 


TABLE  IX-2.  COST  COMPARISONS  FOR  UTILIZATION  OF  EXISTING  TREATMENT  PLANTS 
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(2)  Excludes  costs  allocated  to  other  watersheds, 
(i)  Costs  for  all  facilities. 

(A)  Recommended  alternative  shown  boxed. 


the  present  system  has  total  annual  costs  only  four  percent  greater  than  those  of  the 
recommended  alternative,  if  secondary  treatment  only  is  provided.  However,  if 
advanced  treatment  is  provided  as  recommended  in  this  report,  it  would  become  more 
advantageous  to  construct  more  extensive  joint  sewerage  systems.  In  the  East  fork, 
alternative  C has  total  annual  costs  eleven  percent  less  than  those  of  the  present 
system:  in  the  West  Fork,  Alternative  B has  total  annual  costs  eight  percent  less  than 
those  of  the  present  svstem.  (On  the  other  hand,  the  results  for  both  watersheds  also 
indicate  that  even  for  advanced  treatment,  it  wou'J  be  uneconomical  to  construct 
joint  treatment  plants  serv  ing  entire  watersheds.) 

Interest  Hates  on  Construction  Bonds.  The  tight  money  market  and  inflation  of  the 
present  time  (1970).  which  have  contributed  to  the  current  interest  rate  on  municipal 
bonds  of  about  6 1/2  percent,  cannot  be  expected  to  remain  unchanged  over  the  long- 
range  planning  period  to  1990  or  2020.  For  this  reason,  interest  rates  of  5-1  2 percent 
and  7-1/2  percent  have  been  compared  with  the  6-1/2  percent  rate  on  the  basis  of 
tertiarv  treatment,  to  determine  if  the  change  in  amortized  construction 
cost.com pared  to  the  cost  of  operation  and  maintenance,  is  large  enough  to  influence 
the  selection  of  a sewerage  svstem.  1 he  results  shown  in  Table  IX-1  indicate  that 
changes  in  the  interest  rate  would  not  affect  the  selection  of  alternatives  studied  on 
the  basis  of  total  annual  costs. 

Design  Periods  for  Conveyance  and  Treat  met)  I Facilit  ies. Since  the  cost  ot  conveyance 
facilities  relative  to  the  cost  of  treatment  plants  determines  in  large  measure  the 
feasible  extent  of  consolidation  variations  in  the  design  period  for  each  type  of  facility 
must  he  considered.  For  the  East  Fork  Watershed,  three  combinations  of  design 
periods  have  been  examined: 

(a)  Treatment  plants  and  pumping  stations  designed  for  full 

utilization  at  the  end  of  the  period  1975  to  1990;  interceptors  and  force 

mains  designed  for  the  end  of  the  period  1975  to  2020. 

(b)  Ml  facilities  designed  for  the  end  of  the  period  1975  to  1990. 

(e)  All  facilities  designed  for  the  end  of  the  period  of  1975  to  2020. 

The  cost  comparisons  in  Table  1 X - 1 indicate  that  when  gravity  interceptors  and  force 
mains  are  designed  for  the  year  1990  rather  than  2020.  the  total  annual  cost  is  reduced 
slightlv.  However,  the  considerable  costs  and  associated  difficulties  of  constructing 
relief  interceptors  and  relief  force  mains  which  would  then  he  required  in  1990  for 
2020  flows  more  than  offset  this  small,  short-term  saving.  Therefore,  it  is 
recommended  that  interceptors  and  force  mains  be  designed  for  the  year  2020. 

\ comparison  between  the  design  vears  1990  and  2020  for  advanced  wastewater 
treatment  plants  and  pumping  stations  prov  ides  an  indication  of  the  long-term  effects 
associated  with  each  alternative.  In  the  East  Fork  Watershed,  comparison  of 
\ I tentative  C.  with  the  present  system  (Alternative  A),  indicates  that  over  the  period 
from  1975  to  1990  Alternative  C would  provide  an  average  annual  savings  of  about  10 
percent  while  over  the  long-term  period  from  1975  to  2020  the  savings  would  increase 
to  approximately  15  percent.  These  percentage  sav  ings  cannot  be  assured,  but  they  do 
indicate  that  savings  resulting  from  increased  consolidation  will  tend  to  increase  over 
a longer  time  span. 
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I tilization  of  Existing  Treatment  Plants.  The  adequacy  and  condition  of  the  existing 
treatment  plants  within  the  study  area  are  discussed  in  Chapter  \ III.  For  the  purposes 
of  the  present  discussion,  two  extremes  are  considered  for  the  East  Fork  Watershed: 
phasing  out  and  replacement  of  existing  facilities  at  all  treatment  plants  before  the 
year  1990;  and  continued  utilization,  with  expansion  if  necessary,  of  certain  existing 
plants  which  would  remain  separate  in  the  alternative  sewerage  system  under 
consideration.  A cost  comparison  of  the  two  extremes,  as  presented  in  Table  IX-2, 
indicates  that  the  existing  plants  in  the  East  Fork  are  of  insufficient  size  to  influence 
the  ranking  of  the  alternatives  on  the  basis  of  cost.  However,  the  cost  difference 
between  utilization  and  phasing  out  of  existing  plants  for  any  specific  alternative  is  of 
sufficient  magnitude  to  indicate  that  existing  treatment  capacity  should  continue  to 
be  utilized  whenever  possible. 

']& 

Federal  and  State  Financial  Assistance.  Under  the  existing  Federal  aid  program,  up  to 
33  percent  of  the  construction  cost  is  granted  for  eligible  treatment  plants, 
interceptors,  pumping  stations,  and  force  mains  as  discussed  in  Chapter  XII.  If 
authorized  State  grants  of  at  least  25  percent  were  appropriated,  only  25  percent  of  the 
total  construction  cost  would  be  paid  locally.  Furthermore,  if  an  eligible  construction 
project  is  consistent  with  regional  planning  State  and  Federal  assistance  could  amount 
to  80  percent  of  the  construction  cost  leaving  20  percent  to  be  paid  locally. 

Construction  grants  from  the  Federal  Government  and  matching  grants  from  the  State 
of  Texas  could  affect  the  selection  of  a joint  treatment  system,  if  only  the  remaining 
costs  paid  locallv  by  the  taxpa\ersof  the  region  are  considered.  In  this  case,  the  costs  of 
operation  and  maintenance  become  more  significant  relative  to  construction  costs, 
and  this  tends  to  favor  consolidation  of  treatment  facilities. 

For  the  blast  Fork  Trinity  Watershed,  the  estimated  total  capital  cost  for  construction 
of  each  alternative  is  contained  in  Table  IX-2.  For  various  levels  of  Federal  and  State 
financial  assistance,  the  remaining  total  annual  cost  to  be  paid  locally  for  each 
alternative  is  indicated  in  Table  IX-3. 

Tht  ■se  results  indicate  that  Alternative  D would  compare  more  favorably  with  the 
other  alternatives  at  high  levels  of  financial  assistance,  hut  would  still  cost  more  than 
Mternative  ('.  (the  recommended  svstem).  For  80  percent  assistance,  local  costs  are 
reduced  30  to  40  percent  from  those  applicable  to  30  percent  Federal  assistance. 

In  our  opinion,  the  total  cost  of  alternative  systems  should  be  employed  in  the 
selection,  without  regard  to  the  allocation  of  costs  between  local.  State  and  F. Herat 
sources. 

GENERAL  EFFECTS  OF  CONSOLIDATION 

\ s emphasized  throughout  this  report,  the  cost  estimates  for  alternative  sewerage 
svstems  have  been  obtained  from  generalized  cost  curves.  Furthermore,  the  estimates 
of  future  conditions  and  topographic  data  should  he  considered  as  approximations 
onl\  and  not  considered  as  firmly  reliable  information.  Thus,  deviations  from  cost 
esl  imates  on  the  basis  of  future  detailed  studies  on  the  order  of  10  to  20  percent  would 
not  he  unexpected. 
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TABLE  IX- 3 . LOCAL  COSTS  AFTER  FEDERAL  AND  STATE  ASSISTANCE 
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For  these  reasons,  the  rationale  for  selection  of  recommended  alternatives  requires 
cognizance  of  additional  considerations,  other  than  cost,  particular!)  when  the 
estimated  cost  difference  between  two  alternatives  is  small  compared  to  the  expected 
deviation  in  cost.  Both  advantages  and  disadvantages  must  he  thoroughly  considered. 
In  general,  the  considerations  presented  below  are  concerned  with  the  effectiveness  of 
a pollution  control  program  and  with  financial  effects  for  which  no  meaningful  cost 
estimates  can  he  made. 

Advantages  of  Consolidation.  In  choosing  between  two  alternative  sewerage  sytems 
which  have  approximately  the  same  total  cost,  selecting  the  alternative  w ith  the  higher 
degree  of  consolidation  would  provide  the  following  advantages: 

Operation  and  maintenance.  A consistently  high  quality  of  operation  is 
more  readilv  obtained  in  larger  treatment  plants,  due  primarily  to  the 
larger  number  of  better  qualified,  more  specialized,  and  more-highlv 
paid  personnel  required  to  operate  the1  plant.  1 he  present  shortage  of 
experienced  and  qualified  personnel  provides  an  impetus  toward 
consolidation  of  treatment  facilities.  In  addition,  a greater  degree  of 
automation  can  he  just ified  as  well  as  centralized,  efficient  maintenance 
facilities. 

Water  reuse.  As  discussed  in  Chapter  XI  an  attractive  possibility  for 
wastewater  reuse  in  the  studv  area  is  in  the  supply  of  cooling-tower 
make-up  water  for  thermal  electric  power  plants.  Power  plants  located 
near  large  sewage  treatment  plants  would  be  assured  of  a high-quality, 
low-cost,  and  dependable  source  of  industrial  water  supply,  and  the 
revenues  obtained  from  selling  the  treatment  plant  effluent  would 
partiallv  subsidize  the  cost  of  treatment. 

Flexibility.  Future  trends  in  population  growth  anil  distribution,  and 
in  land  use,  can  be  predicted  more  accurately  for  the  entire  service  area 
of  a joint  sewerage  system  than  for  the  smaller  component  population 
centers.  Thus,  it  is  expected  that  a joint  sewerage  system  should  be  more 
adaptable  to  the  actual  future  growth  both  in  the  expected  service  area 
anil  in  adjacent  areas  which  potentially  may  contribute  to  the  system. 


Local  collection  systems.  Due  to  the  economy  of  size  ol  interceptors,  a 
joint  sewerage  system  provides  the  possibility  of  cost  sav  ings  in  portions 
of  local  collection  systems.  In  addition,  isolated  sources  of  pollution 
along  the  joint  interceptors  can  he  diverted  to  the  joint  treatment 
plant.  The  considerable  intangible  advantage  of  joint  collection  sy stems 
over  separate  systems  is  the  presence  of  an  interceptor  through  portions 
of  a service  area  into  which  future  development  may  discharge. 


Existing  plants.  Many  smaller  treatment  plants  now  serving  individual 
communities  or  groups  of  communities  could  be  phased  out.  Most  of 
these  plants  do  not  meet  present  water  quality  requirements.  Phasing 
out  would  relieve  these  communities  of  responsibility  for  sewage 
treatment  and  would  make  available  trained  personnel  to  operate  joint 
facilities. 
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Treatment  processes.  The  additional  cost  for  new  types  of  treatment 
required  to  meet  present  and  future  effluent  or  stream  quality 
standards,  would  he  less  for  consolidated  facilities  due  to  economy  of 
size.  Furthermore,  changes  in  treatment  processes  deemed  desirable  in 
the  light  of  future  technical  inno\ations  could  he  accomplished  more 
readily  and  at  less  expense  in  a single  joint  plant  than  in  several  smaller 
separate  plants. 

Equitable  apportionment  of  costs.  In  the  absence  of  a joint  system,  tin- 
cost  per  capita  for  sewage  treatment  can  vary  widely  from  one  local 
plant  to  another,  depending  upon  the  size  of  each  plant  and  the  rate  of 
population  growth  for  the  corresponding  service  area.  Individual 
rapidly-growing  population  centers  often  find  it  difficult  to  pay  tin- 
high  initial  per  capita  costs  required  for  long-term  savings  in 
construction.  Since  all  the  people,  potentially  at  least,  share  equal 
benefits  from  pollution  control,  it  can  he  argued  that  the  cost  per  capita 
for  sewage  treatment  should  he  roughly  the  same  for  all  the  people 
within  a watershed:  this  objective  can  he  approached  most  effectively  by 
joint  participation  in  a sewerage  system.  This  subject  is  discussed 
further  in  Chapter  \ 1 1. 

Disadvantages  of  Consolidation.  Selection  of  a joint  sewerage  system  instead  ot 

separate  treatment  plants  could  have  the  following  disadvantages: 

Local  benefits.  Potential  aesthetic,  recreational,  and  industrial  benefits 
to  be  gained  from  the  availability  of  highly  treated  sewage  effluent  mav 
he  less  for  participating  communities  located  remotely  from  the  joint 
treatment  plant. 

Self-purification  of  streams.  If  sufficient  and  natural  stream  flow  or 
low  flow  augmentation  could  be  assured,  it  is  conceivable  that  the  need 
for  a joint  plant  providing  advanced  treatment  (high  BOD  removal) 
coidd  be  met  hv  distributing  several  smaller  seconda  y treatment  plants 
along  a stream,  as  is  presently  the  case  thus  utilizing  the  natural 
assimilative  capacity  of  the  stream  to  remove  BOD  in  the  reaches 
between  treatment  plants.  Requirements  for  low  flow  augmentation  are 
discussed  in  Chapter  X.  However,  nutrients  would  not  be  removed  by 
secondary  plants,  and  in  the  study  area,  the  stream  flows  during  the  dry 
periods  of  the  year  will  probably  continue  to  consist  primarily  of 
treatment  plant  effluent  (given  the  high  cost  of  water  for 
augmentation).  For  this  reason,  tertiary  treatment  appears  to  he  a 
general  requirement. 

Water  supply.  Diversion  of  the  sewage  from  a community  out  of  a 
reservoir  watershed  or  to  a treatment  plant  downstream  from  a 
reservoir  would  decrease  the  safe  yield  of  the  reservoir,  if  the  water 
supply  for  the  community  is  obtained  from  the  watershed.  Presumably, 
the  sewage  effluent  would  he  available  for  reuse  at  less  expense  if  the 
effluent  were  discharged  into  the  reservoir.  For  example,  in  the  East 
fork  Watershed,  under  the  recommended  system,  about  33.8  mgd  of 
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plant  effluent  in  1990  would  be  diverted  to  the  Garland-Duck  Creek 
Plant  from  the  watersheds  of  Lake  Lavon  and  Lake  Hav  Hubbard 
reservoirs.  This  would  lower  the  safe  yield  of  the  two  reservoirs  from  an 
estimated  153.5  mgd  to  about  120  mgd.  Fortunately,  in  this  case,  the 
plant  would  be  located  immediately  downstream  from  the  Lake  Has 
Hubbard  dam  site,  such  that  the  effluent  would  be  available  for 
pumping  into  the  reservoir. 

Phasing  out  of  Existing  Plants.  The  phasing  out  of  existing  treatment 
plants  resulting  from  consolidation  could  leave  a communitv  with  an 
outstanding  debt  for  which  it  would  receive  no  return. 

COMMl  NITIES  TO  BE  SERVED 

In  this  report  consolidation  is  recommended  as  far  as  that  geographical  limit  in  each 
watershed  at  which  the  economy  of  large  size  is  just  balanced  by  the  diseconomy  ol 
long-distance  conveyance  of  sewage.  NX  hile  there  mav  be  a large  cost  advantage  to  a 
small  communitv  situated  at  the  recommended  limit  of  joint  service  there  mav  he  little 
or  no  difference  in  total  joint  svstem  cost  whether  it  builds  and  operates  a separate 
local  treatment  plant  or  participates  in  the  joint  system. 

Tables  in  this  chapter  entitled,  “Participation  in  Alternative  Sewerage  Systems  state 
explicitly  which  communities  are  to  be  served  bv  separate  local  treatment  plants  and 
which  are  to  be  served  bv  the  joint  systems  under  the  various  alternative  systems 
considered.  It  should  be  emphasized,  however,  that  the  geographical  limits  ol  the 
service  areas  of  the  recommended  joint  systems  should  be  considered  indistinct,  and 
that  small  variances  from  the  anticipated  extent  of  consolidation  based  on  factors  not 
explicitivconsidered  in  this  study  mav  therefore  he  made  without  significantly  altering 
the  total  estimated  costs.  Major  variances  which  might  result  from  an  unexpectedly 
large  increase  in  population  as  from  a major  development  are  difficult  to  predict, 
and  when  such  an  event  occurs,  adjustments  in  sewerage  requirements  mav 
significantly  affect  projected  costs. 

COMPARISON  OF  ALTERNATIVES 

GENERAL 

The  collection  of  sewage  in  the  study  area  generally  is  accomplished  by  gravity -flow 
interceptor.  Therefore,  the  sewerage  systems  considered  in  this  study  are  separated 
roughly  In  the  drainage  divides  between  watersheds,  and  the  following  discussion  of 
alternatives  is  divided  into  separate  presentations  for  each  watershed.  Tables  showing 
projected  populations,  flows  and  loads  for  the  populated  areas  within  each  of  the 
twelve  watersheds  is  contained  in  Chapter  \ . Each  populated  area  is  considered  in  the 
discussion  of  the  corresponding  watershed,  with  the  following  exceptions: 

1.  Trinity  River  - Watershed  1.  The  White  Rock  Creek  portion  of 
Plano  and  the  Seagoville  Federal  Correctional  Institution  are  discussed 
with  the  East  Fork  Trinity  River  ■ Watershed  3. 
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2.  W t*>i  Fork  Trinity  River-W  atershed  5.  I he  portion  of  the  watershed 
downstream  from  the  existing  \illage  Creek  I reatment  Plant  is 
included  in  the  discussion  of  the  Elm  Fork  Trinity  River- Watershed  4. 

This  area  includes  Grand  Prairie,  Euless,  portions  of  Arlington,  and 
other  present  or  potential  contributors  to  the  existing  IRA  Central 
Treatment  Plant. 

stated  previously  only  limited  consideration  is  given  in  this  study  to  the  costs  or 
other  characteristics  of  the  local  sewage  collection  systems  required  to  deliver  sewage 
to  an  existing  or  potential  treatment  plant  site.  The  focus  of  this  study  is  on  the 
question  as  to  which  plant  sites  should  be  phased  out  or  not  developed,  and  the  Mows 
diverted  to  joint  treatment  plants.  As  far  as  possible,  the  emphasis  i~  upon  the  costs 
associated  with  treatment  plants  and  joint  conveyance  facilities.  Exceptions  to  this 
criterion  are  considered  only  in  cases  where  existing  local  sewers  can  be  utilized  as 
trunk  or  intercepting  sewers  in  joint  sewerage  systems. 

In  the  cost  comparisons  of  alternatives  presented  in  this  section,  estimated 
construction  costs  for  advanced  treatment  facilities  of  sufficient  capacity  for  the 
estimated  sewage  flows  in  the  year  1990.  and  the  eost  of  operation  and  maintenance  are 
based  on  the  estimated  average  flows  over  the  period  from  1975  to  1990.  Estimated 
costs  for  a particular  alternative  are  presented  as  total  costs  including  both  the 
separate  and  joint  treatment  plants  within  a watershed  or  service  area:  two  cost 
estimates  are  given  corresponding  with  two  assumed  conditions  regarding  disposition 
of  existing  treatment  plants.  A first  assumption,  utilization  of  existing  capacity, 
implies  that  present  facilities  will  still  be  operable  until  1990.  and  will  be  fully 
compatible  and  integrated  with  expansions  to  the  plant.  Since  this  condition  is 
difficidt  to  assertain  without  detailed  design  considerations,  a second  cost  estimate  is 
given,  based  on  the  assumption  that  the  existing  treatment  facilities  will  be  phased  out 
and  entirely  new  facilities  constructed  at  the  same  site. 

Interceptors  and  force  mains  have  been  sized  to  carry  the  expected  flows  in  the  year 
2020. with  utilization  of  the  capacity  of  existing  lines.  Pumping  station  equipment  has 
been  sized  for  the  expected  1990  flows. 

A detailed  description  of  the  recommended  alternative  for  each  joint  system  is 
presented  in  Chapter  \.  including  the  stage  of  construction.  In  the  comparison  of 
alternatives,  the  staging  of  construction  has  been  purposely  ignored.  The  costs  and 
flows  to  the  joint  plants  presented  in  this  chapter  correspond  with  the  assumption 
that  all  participants  in  a joint  system  would  be  served  by  the  joint  plant  before  1990. 
The  small  apparent  discrepancies  between  figures  presented  in  Chapters  IX  and  \ are 
the  result  of  the  populated  areas  which  would  not  be  served  by  a recommended  joint 
sy  stem  until  after  1990.  Chapter  X figures  should  be  considered  as  governing. 

In  additon.  it  should  be  emphasized  that  the  computerized  mathematical  model 
described  in  the  first  portion  of  this  chapter  has  been  applied  only  as  an  engineering 
tool  in  the  analysis  of  alternatives  for  the  study  area.  Minimum-cost  solutions 
obtained  by  computer  analysis  have  been  employed  primarily  as  an  aid  to  engineering 
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judgment  in  the  selection  of  a recommended  system.  Additional  factors  considered 
include  protection  of  water  (Quality,  location,  capacity  and  condition  ol  existing 
facilities,  site  area  available,  current  planning  underway,  construction  problems  and 
future  development.  Consideration  ol  such  factors  indicates  that  the  recommended 
systems  are  the  most  feasible  and  economical  solutions  to  the  pollution  control 
problem  in  the  study  area. 

TRINITY  RIVER  - WATERSHED  1 

The  Trinity  River- W atershed  l.  as  defined  on  Fig.  \ -!  contains  three  existing  joint 
' \ ' t e m ' which  are  associated  with  the  Dallas  W bite  Rock  Riant . t he  Dallas  Soul  h Side 
Riant  . and  the  TRY  Ten  Mile  Creek  Riant  as  shown  on  fig.  I \ - 2.  I he  Dallas  and 
W bite  Rock  Treatment  Riant',  which  share  the  same  site,  are  considered  to  he  a single 
plant  for  the  purposes  of  this  discussion.  The  population  centers  within  the  areas 
served  by  eac  h of  the  three  existing  systems  are  indicated  in  Table  I\-4.  Additional 
populated  areas  (which  lie  outside  the  three  areas  served)  are  also  included  in  1 able 
l\  I under  the  designation  “Southeastern  Area.  Each  of  the  tour  sections  of  the 
watershed  are  discussed  separately  below.  Plans  of  the  alternative  joint  sewage 
systems  for  three  sections  of  W atershed  I are  shown  on  T ig.  l\-2. 

Plano  (W  bite  Rock  Creek)and  the  Seagoville  Federal  Correctional  Institute,  which  lie 
within  the  Trinity  River  Watershed,  are  considered  as  participants  in  the  East  fork 
system.  (W  atershed  3)  and  therefore  are  not  shown  in  I able  IX— T.  Although  Plano 
(White  Rock  Creek)  is  a potential  contributor  to  the  Dallas-White  Rock  Plant, 
construction  of  an  interceptor  through  the  heavily  built  up  area  along  W bite  Rock 
Take  to  serve  Plano  would  be  difficult  and  expensive.  Therefore,  it  i'  proposed  that 
the  Plano  portion  of  the  W bite  Rock  Creek  area  be  diverted  into  the  East  fork  System 
(Watershed  3).  In  the  case  of  the  Seagoville  Federal  Correctional  Institute.  Forrest  and 
Cotton.  Inc.,  is  currently  conducting  a detailed  engineering  study  of  sewerage  for  the 
Institute.  That  study  indicates  it  would  be  economical  to  pump  the  flow  through  a 
half-mile  long  forc  e-  main  and  into  the  local  collection  sy  stem  of  Seagov  ille.  which  lies 
in  the  East  Fork  W atershed. 

Dallas  II  bile  Hock  Service  Area.  As  discussed  in  Chapter  II.  consideration  of  the  costs 
and  means  of  reinforcement  for  city  collection  systems  is  not  included  in  the  scope  ol 
'Inch  for  this  report.  Therefore,  sewage  flows  from  the  following  populated  areas  are 
considered  as  local  inflows  to  the  Dallas-White  Rock  Plant:  the-  Dallas  Plant  area. 
Coombs  Creek.  Fair  Park  area,  and  the  Procter  & Gamble  factory.  Flows  from  the 
Flam  ( .reek  and  Five  Mile  Creek  areas,  which  are  presently  treated  at  the  W bite  Rock 
Plant,  are  expected  to  he  diverted  to  the-  Dallas  South  Side  Plant  in  the  near  future 
(between  1973  and  1980).  according  to  plans  adopted  bv  the  City  of  Dallas.  Therefore, 
the  flow'  from  these  two  areas  are  considered  as  local  inflows  to  the  South  Side  Plant. 

Two  principal  alternative  sewerage  systems  have  been  considered  as  indicated  in  the 
cost  comparisons  of  Table  1X-5.  Fnder  Alternative  A (present  system)  the  remaining 
flows  tributary  to  the  W hite  Rock  Plant  (after  diversion  of  flows  from  the  Elam  Creek 
and  Five  Mile  Creek  areas)  will  be  from  the  W hite  Rock  Creek  area,  which  has  been 
divided  into  three  subareas  (designated  as  lower,  upper  and  middle)  as  indicated  in 
Table  IX -4.  Although  the  flows  from  Richardson  (Cottonwood  Creek)  are  now  treated 
at  the  Dallas-W  hite  Rock  Plant,  these  flows  could  be  directed  to  the  Richardson- 
Flovd  Branch  Plant  if  the  City  of  Richardson  should  decide  to  remain  separate  from 
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TABLE  IX-4 . 


TRINITY  RIVER  - WATERSHED  1 


1990 

Average 

Flow 


(1) 


Alternative  Sy 


Node  No 

Populated  Area 

(mgd) 

A 

DALLAS  ■ 

- WHITE  ROCK  AREA 

Present 

1H-66 

Richardson  - Floyd  Branch 

2.11 

S(3) 

1H-236A 

Lower  White  Rock  Creek 

27.65 

J 

1H-235 

Upper  White  Rock  Creek 

5.67 

J 

1H-236 

Middle  White  Rock  Creek 

8.71 

J 

1H-70 

Richardson  (Cottonwood  Creek) 

4.53 

S 

1H-175 

Dallas  Plant  Area,  Coombs  Creek, 

Fair  Park,  Procter  & Gamble,  Inc. 

91.04 

J 

Subtotal 

139.71 

Flow(^)  t0  joint  Plant  in  1990  (mgd) 

133.07 

DALLAS  ■ 

- SOUTH  SIDE  AREA 

Present 

ID-145 

Wilmer 

1.14 

S 

1F-146 

Prairie  Creek,  Elam  Creek,  Five 

Mile  Creek 

37.71 

J 

IE-147 

Kleberg 

1.66 

S 

IE-149 

Balch  Springs 

2.10 

S 

1G-143 

Hutchins 

0.57 

J 

Subtotal 

43.18 

Flow^)  to  Joint  Plant  in  1990  (mgd) 

38.28 

TEN  MILE  CREEK  AREA 

Separate 

1C-174 

Cedar  Hill 

2.48 

S 

ID-163 

Ferris 

0.33 

J 

ID-167 

Lancaster 

4.15 

J 

ID-169 

DeSoto 

4.09 

S 

ID-170 

Woodland  Hills 

0.32 

S 

ID-173 

Duncanville 

5.08 

S 

Subtotal 

16.45 

Flow(^)  to  Joint  Plant  in  1990  (mgd) 

4.48 

SOUTHEASTERN  AREA 

Separate 

IB-92 

Sonoma 

0.11 

S 

1C-91 

Palmer 

0.15 

S 

1C-91E 

Lower  Red  Oak  Creek 

1.41 

S 

1C-91 

Middle  Red  Oak  Creek 

0.41 

S 

1D-167A 

Upper  Red  Oak  Creek 

0.68 

S 

Subtotal 

2.76 

Total  Flow 

202.10 

Notes : 

(1)  Flows  from  populated  areas  not 

listed  are 

included  in  the 

Cons 


1 

Cons 


(2) 

(3) 


(5) 


Recommended  alternative. 

"S"  Denotes  separate  participation. 

"J"  Denotes  joint  participation. 

Includes  flow  from  all  tributary  areas  regardless  of  staging. 
See  Chapter  X for  flow  based  on  recommended  staging.  It  is  ri 
that  the  City  of  Dallas  is  currently  considering  the  diversioi 
10%  more  flow  from  the  Dallas  - White  Rock  Plant  to  the  Dallai 


Side  Plant. 
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the  Dallas  system.  This  situation  is  assumed  under  Alternative  A,  wf 
entail  construction  of  the  following  facilities: 


A 


(a)  About  89,000  l.f.  (16.8  mi)  of  relief  interceptor  along  the 
White  Rock  trunk  sewer, 

(b)  Expansion  of  the  present  90  mgd  Dallas- Vi  hite  Rock  Tr 
Plant  to  a capacity  of  about  133  mgd  (95  percent  of  the  estimat 
1990  flow  in  the  service  area),  and  construction  of  advanced  wai 
treatment  facilities. 

(c)  Expansion  of  the  present  1.5  mgd  Richardson-Floyd 

: Treatment  Plant  to  a capacity  of  6.6  mgd  and  provision  of  e 

treatment. 

Under  Alternative  B.  the  Richardson-Floyd  Branch  Plant  would  he  | 
the  flows  from  the  Floyd  Branch  and  Cottonwood  Creek  portions  of  Ri 
[ he  conveyed  to  the  Dallas- White  Rock  Plant.  Flows  from  the  W hite 

area  between  Loop  12  and  the  county  line  would  be  picked  up.  The  fol 
would  be  constructed  under  Alternative  B: 

(a)  About  1 19.000  l.f.  (22.5  mi)  of  interceptor. 

lb)  For  the  Dallas-White  Rock  Plant,  expansion  to  a capacitv 
I 10  mgd  to  treat  the  estimated  1990  sewage  flows,  and  constri 
advanced  treatment  facilities. 

<>n  the  basis  ot  the  cost  comparison  of  the  two  alternatives,  A 
I.  recommended  lor  the  Dallas- W hite  Rock  Creek  service  area.  Over  t 

I9i5  to  1990.  the  estimated  savings  under  Alternative  B would  be  abou 
I mm  1900  to  2020.  the  relative  savings  would  increase  slightlv 
interceptors  would  not  be  required  until  2020.  These  savings,  while  n 
terms  o!  the  whole  service  area,  are  however  attributable  to  the  e< 
gained  In  picking  up  flows  from  the  Floyd  Branch  and  Cottonwood  C 
Richardson.  It  is  recognized  (hat  the  Richardson-Floyd  Branch  plant 
record  of  operation  anti  maintenance,  anti  that  present  sewer  rates  ni 
for  Richardson  to  remain  separate.  Nevertheless,  Alternative  B is  re 
the  following  reasons: 

1.  The  Richardson-Floyd  Branch  plant  has  limited  t 
capability. 

2.  Alternative  B is  economically  advantageous. 

3.  Greater  flexibility  of  treatment  processes  can  be  achieved 
plant. 

4.  Treatment  plant  effluent  will  he  diverted  away  from  loca 
and  White  Rock  Lake. 

If  studies  show  advanced  waste  treatment  at  Richardson  to  be  eco 
treated  effluent  would  appear  warranted.  The  option  of  entering  a joi 
still  be  available  at  a later  date. 

Dallas  South  Side  Service  Irea.  For  purposes  of  the  present  discussioi 
I lam  (.reek,  hive  Mile  Creek  and  Prairie  Creek  portions  of  Dallas. 
Hull  bins,  are  considered  to  be  local  inflows  to  the  Dallas-South  Sid< 
(he  costs  of  treatment  for  these  flows  are  considered.  The  intercept 
plan*  to  construct  for  the  l ive  Mile  Creek  area  would  pass  within  a 
Hutchins  treatment  plant,  and  at  relatively  small  cost  the  flows  from 
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(liveried  to  I lie  >oiilli  Side  Plant  when  the  hive  Mile  Creek  i 
lint)  hill'  m*« ago  treatment  plant  would  then  he  phased  out. 

The  service  area  considered  for  the  South  Side  Plant  con 
separate  treatment  plants  serving  Vi  ilmer,  Kleberg,  and  Balch 
Tree  Vi  (ill)  #f>)  as  shown  on  Fig.  IX-2.  The  estimated  total  co 
facilities  and  plant  expansions  at  these  three  sites  sufficien 
flows  are  listed  under  Alternative  A as  included  in  Table  IX-6. 
total  1990  flows  in  the  service  area  would  be  treated  at  the 
Alternative  A if  the  three  plants  remain  separate.  Lnder  th 
Side  Plant  would  he  expanded  to  a capacity  of  about  38  mgi 
treatment  would  he  provided. 

I nder  Alternative  B.  the  plants  serving  \\  ilmer.  Kleberg  and 
phased  out  and  the  sewage  flows  would  he  conveyed  to  the  D< 
the  case  of  \\  ilmer.  preliminary  investigations  indicated 
economical  to  convev  the  flows  to  the  South  Sitle  Plant,  as  pro 
existing  TR  A Ten  Mile  Creek  Plant.  Alternative  B would  in 
l ot  low  ing: 

(a)  About  26,000  l.f.  (4.9  mi)  of  interceptor. 

(hi  One  lift  station, one  pumping  station,  and  about 
main. 

(c)  Expansion  of  the  existing  7.0  mgd  Dallas  South 
capacity  of  about  43  mgd  by  1990.  and  construct 
treatment  facilities. 


Alternative  B is  recommended  for  the  Dallas  South  Side  serv 
reasons: 


1.  The  \\  ilmer.  Kleberg  and  Balch  Spring,  plai 
expansion  capability. 

2.  It  is  economically  advantageous  to  phase  out  tl 
plants  and  divert  their  flows  to  the  South  Side  Plant. 

3.  A greater  degree  and  flexibility  treatment  can  b 
South  Side  Plant  to  achieve  desired  water  quality  . 

I.  Treatment  plant  effluents  will  he  diverted  away 
't  reams. 


Ten  Mile  Creek  Service  Area.  Within  this  service  area  TRA  is 
joint  sewerage  svstem  consisting  of  interceptors  and  a 7.0  n 
plant  to  serve  the  Cities  of  Ferris,  Lancaster,  DeSoto,  ^oo 
and  Cedar  Hill.  For  this  discussion  this  system  is  considered  t< 
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In  preliminary  investigations,  Midlothian  (in  the  West  Fork  Trinity  River  Watershed 
5),  Palmer,  and  the  Lower,  Middle  and  Upper  Red  Oak  Creek  areas  were  considered  as 
additional  contributors  to  the  Ten  Mile  Creek  system.  In  terms  of  total  annual  costs 
within  this  extended  service  area  serving  these  additional  areas,  the  existing  system, 
with  separate  local  plants  for  each  of  the  additional  contributors,  would  be  about  5 
percent  less  expensive  than  construction  of  one  consolidated  joint  sewerage  svtem  to 
serve  the  extended  service  area.  Therefore  the  extended  service  area  joint  system  was 
not  given  further  consideration. 


Generalized  cost  estimates  indicate  that  a small  savings  (between  1 and  5 percent) 
would  result  if  the  existing  system  were  split  up  into  two  joint  systems,  and 
Duncanville  and  Cedar  Hill  were  served  by  separate  local  plants.  Under  this  scheme, 
designated  as  Alternative  A in  Table  IX-7,  Lancaster  and  Ferris  would  contribute  to 
the  Ten  Mile  Creek  Plant  and  Woodland  Hills  would  contribute  to  the  plant  at 
DeSoto.  Alternative  A would  involve  construction  of  the  following  facilities: 


(a)  About  42,500  l.f.  (8.1  mi.)  of  relief  interceptor  along  portions  of  the 
existing  Ten  Mile  Creek  interceptor. 

(b)  Construction  of  advanced  treatment  capacity  of  about  4.5  mgd  for 
the  estimated  1990  flows  for  the  TRA-Ten  Mile  Creek  Plant.  Secondary 
treatment  facilities  now  under  construction  would  be  adequate. 

(c)  Expansion  and/or  construction  of  advanced  treatment  plants  at 
DeSoto,  Duncanville,  and  Cedar  Hill  to  capacities  of  4.4,  5.1  and  2.5  mgd 
respectively. 


The  consolidated  existing  joint  system.  Alternative  B,  would  require  the  following 
facilities: 

(a)  About  129.000  l.f.  (24.5  mi)  of  relief  interceptor. 

(b)  Additional  pump  capacity  in  one  pumping  station  and  about  13.000 
l.f.  (2.5  mi)  of  relief  force  main. 

(c)  Expansion  of  the  existing  7.0  mgd  Ten  Mile  Creek  Plant  to  a capacity 
of  about  16.5  mgd  for  the  1990  flows  and  construction  of  advanced 
treatment  facilities. 


Alternative  B is  recommended  for  the  Ten  Mile  Creek  Service  Area  for  the  following 
reasons: 


I 


1.  A joint  sewerage  system  is  now  under  construction  and  cost 
comparisons  indicate  no  significant  savings  would  result  from 
separation. 

2.  The  Ten  Mile  Creek  Treatment  plant  has  ample  expansion  capability, 
and  considerable  land  area  is  available  at  the  plant  site. 
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TABLE  IX-7 . COST  COMPARISONS  OF  ALTERNATIVE  SYSTEMS 


(2)  Excludes  costs  allocated  to  other  watersheds. 

(3)  Costs  for  all  facilities. 

(4)  Recommended  alternative,  shown  boxed. 


3.  A large  consolidated  joint  plant  may  be  expected  to  provide  a 
consistently  higher  degree  of  treatment  and  permit  greater  flexibility 
of  treatment  processes  employed  than  smaller  plants. 

4.  Treatment  plant  effluents  will  be  kept  out  of  small  local  streams. 

Southeastern  Area.  Several  schemes  (not  shown  in  Table  IX-4)  were  examined  to 
investigate  the  possibility  of  including  one  or  more  portions  of  the  southeast  area  in  a 
joint  system.  However  as  mentioned  in  the  discussion  of  the  Ten  Mile  Creek  service 
area,  it  would  appear  to  be  uneconomical  to  include  Palmer  and  the  Red  Oak  Creek 
creas  in  the  Ten  Mile  Creek  system.  Palmer  and  Red  Oak  Creek  were  also  considered 
as  potential  contributors  to  a joint  plant  near  the  mouth  of  the  East  Fork  Trinity 
River,  which  would  also  serve  the  populated  areas  of  Terrell,  Kaufman,  and  Kemp  in 
the  northern  portion  of  the  Cedar  Creek  Watershed.  The  total  average  annual  cost  for 
such  a consolidated  system  would  cost  about  53  percent  more  than  the  cost  for  separate 
treatment  plants  in  each  populated  area.  In  addition  it  did  not  appear  to  be 
economical  to  carry  flows  generated  within  the  East  Fork  Trinity  River- Watershed  3 
to  a plant  at  the  mouth  of  the  East  Fork.  Furthermore,  it  did  not  appear  feasible  to 
convey  flows  from  the  southeastern  area  to  a possible  joint  plant  at  Ennis  in 
Chambers-Waxachachie  Creek-Watershed  10. 

Based  on  the  above  considerations,  it  is  recommended  that  separate  local  plants  be 
constructed  for  the  five  populated  areas  at  Sonoma , Palmer,  and  Red  Oak  Creek 
within  the  southeastern  portion  of  the  Trinity  River  Watershed,  as  shown  in  Table  IX- 
4.  By  1990,  a total  combined  capacity  of  about  2.8  mgd  will  be  required.  The  total 
construction  cost  for  tertiary  treatment  plants  would  be  about  S5.200.000  without 
utilization  of  existing  capacities  of  secondary  plants,  or  $4,820,000  utilizing  existing 
capacities  of  secondary  plants  at  Sonoma  and  Palmer.  The  average  annual  costs  of 
operation  and  maintenance  between  1975  and  1990  are  estimated  to  be  S330.000  per 
year. 

CEDAR  CREEK-WATERSHED  2 

The  populated  areas  served  by  the  ten  existing  treatment  plants  in  the  Cedar  Creek 
Watershed  are  indicated  in  Table  1X-8.  The  industrial  wastewater  flows  from  Nipak. 
Inc.,  have  heen  included  in  the  flows  for  Trinidad.  The  City  of  Terrell  is  currently- 
planning  the  construction  of  a new  treatment  plant  downstream  from  the  two  existing 
plants  on  Kings  Creek  as  discussed  in  Chapter  IV. 

Preliminary  investigations  indicated  the  infeasibility  of  treating  the  flows  from 
Terrell  and  Kaufman  at  a joint  plant  near  the  mouth  of  the  East  Fork  Trinity  River. 
The  additional  cost  to  the  East  Fork  participants  alone,  neglecting  the  cost  of 
conveyance  facilities  for  Terrell  and  Kaufman  would  exceed  the  costs  of  separate 
plants  for  the  two  communities  (see  Alternative  D in  the  discussion  of  the  East  Fork 
Trinity  River-Watershed  3). 

The  possibility  of  diverting  sewage  from  the  populated  areas  above  Cedar  Creek 
Reservoir  to  a joint  treatment  plant  in  Trinidad  was  also  given  preliminary- 
consideration.  However,  the  small  sewage  flows,  long  distances,  and  number  of 
pumping  stations  involved  in  this  scheme  indicated  that  such  diversions  to  protect  the 
reservoir  arc  not  feasible  within  the  forseeable  future. 
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TABLE  IX-8.  PARTICIPATION  IN  ALTERNATIVE  SEWERAGE  SYSTEMS 

CEDAR  CREEK  - WATERSHED  2 

1990  Alternative  Systems 

Average  A1-1^  B 

Flow  Joint 

L Populated  Area  (mgd)  Present  Pairs  Cor 

Mabank  0.16  S^)  S 

Malakof f 0.29  S J<2) 

Athens  (North)  0.65  S J 

Athens  (West)  1.08  S J 


Node  No. 

Populated  Area 

1990 

Average 

Flow 

(mgd) 

2A-202 

Mabank 

0.16 

2A-203 

Malakof f 

0.29 

2 A- 204 

Athens  (North) 

0.65 

2A-205 

Athens  (West) 

1.08 

2A-208 

Trinidad  (Including 
Nipak,  Inc.) 

0.55 

2B-191 

Wills  Point 

0.28 

2C-192 

Terrell  (Kings  Creek) 

2.06 

2C-193 

Terrell  (Bachelor  Creek) 

0.54 

2C-196 

Kaufman 

0.65 

2C-199 

Kemp 

0.11 

Total  Flow 

6.37 

Estimated  1990  Flow  for  Joint  Participants  (mgd)  0 


(1)  Recommended  Alternative. 

(2)  "S"  Denotes  separate  participation. 
"J"  Denotes  joint  participation. 


The  three  alternatives  considered  for  the  Cedar  Creek  Watershed  are  described  below: 


Alternative  A (Present  System  Recommended).  The  total  costs  for 
separate  local  treatment  plants  serving  the  ten  populated  areas  are 
shown  in  Table  IX-9.  under  Alternative  A.  If  Terrell  plants  are 
consolidated  as  planned,  costs  are  not  expected  to  be  seriously  affected. 

Alternative  B (Joint  Pairs  System).  Under  this  alternative,  three  joint 
plants  would  be  constructed  with  two  contributors  to  each  joint  plant, 
as  follows:  Terrell  and  Kaufman;  Malakoff  and  Trinidad;  and  Athens 
(North)and  Athens  (West).  The  Terrell-Kaufman  system  would  require 

65.000  l.f.  (12.3  mi)  of  interceptor  and  a 3.25  mgd  tertiary  treatment 
plant  for  the  estimated  1990  flows. 

The  Malakoff-Trinidad  system  would  contain  20,600  l.f.  (3.9  mi)  of 
interceptor,  a pumping  station,  2,700  l.f.  of  force  mains,  and  a tertiary 
treatment  plant  to  handle  0.84  mgd  in  1990.  The  Athens  (West) 
treatment  plant  could  serve  hoth  portions  of  Athens  by  constructing 

9.000  l.f.  of  interceptor,  one  pumping  station,  12,500  l.f.  of  force  main, 
and  plant  expansion  to  1.73  mgd  by  1990.  Other  populated  areas  would 
be  served  by  separate  local  plants. 

Alternative  C (Consolidated  System).  This  alternative  considers  the 
possibility  of  conveying  sewage  from  Terrell  and  Kemp  to  a joint 
treatment  plant  at  Kaufman;  and  from  Ath.  ns  and  Malakoff  to  a joint 
treatment  plant  at  Trinidad.  Under  Alternative  C,  the  following 
facilities  would  be  constructed: 

1.  65.000  l.f.  (12.3  mi)  of  gravity  interceptor  to  the  Kaufman  joint 
treatment  plant  and  79.000  l.f.  (15  mi)  of  gravity  interceptor  to  the 
Trinidad  joint  treatment  plant. 

2.  Two  pumping  stations  and  65.000  l.f.  (12.3  mi)  of  force  mains  to  the 
Kaufman  plant  and  two  pumping  stations  and  15.000  l.f.  (2.9  mi)  of  force 
mains  to  the  Trinidad  plant. 

3.  Construction  of  a treatment  plant  with  a capacity  of  about  3.4  mgd  for 
estimated  1990  flows  in  Kaufman  and  a treatment  plant  with  a capacity 
of  2.6  mgd  in  Trinidad. 

Selection  of  the  Recommended  Plan.  The  cost  comparison  of  the  threealternatives  in 
Table  IX-9  indicates  that  Alternative  A (Preliminary  System)  is  the  most  economical. 
Thus  it  does  not  appear  economical  to  construct  any  joint  system  in  the  Cedar  Creek 
Watershed  at  the  present  time. 

EAST  FORK  TRINITY  RIVER- WATERSHED  3 

Four  alternative  sewage  systems  for  the  East  Fork  Trinity  River  (Watershed  3)  have 
been  selected  for  comparison  purposes.  Plans  of  the  alternative  sewerage  systems  are 
shown  on  Fig.  IX-3.  and  the  populated  areas  which  would  participate  in  joint 
collection  and  treatment  facilities  for  each  alternative  are  indicated  in  Table  1X-10. 
Existing  separate  plants  serving  areas  which  would  participate  in  joint  facilities  would 
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TABLE  IX-9 . COST  COMPARISONS  OF  ALTERNATIVE  SYSTEMS 


*r<  U -H 


4-»  O *-» 

3 C 3 


(2)  Costs  for  all  facilities. 

(3)  Recommended  alternative,  shown  boxed. 


469  - 13850 
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TABLE  ix-io. 


PARTICIPATION  IN  ALTERNATIVE  SEWERAGE  SYSTEMS 


•EAST  FORK  TRINTTY  RIVER  - WATERSHED  3 


1990^  Alternative  Systems 


Node  No . 

Populated  Area 

Average 

Flow 

(mgd) 

A 

Expanded 

Present 

B 

Lake 

Hubbard 

East(2) 

Fork 

D 

Trinity 

River 

1H-64 

Plano* 

3.80 

s(4) 

J (4) 

J 

J 

3A-57 

N.  Seagoville 

1.20 

S 

S 

J 

J 

3A-58 

Seagoville  (Incl.  Fed. 
Corr.  Inst.) 

1.50 

S 

S 

J 

J 

3A-61 

Crandall 

0.12 

s 

S 

S 

J 

3B-15 

Farmersville 

0.26 

s 

S 

S 

S 

3B16 

Rockwall 

2.50 

s 

J 

J 

J 

3B-20 

Heath 

0.54 

s 

J 

J 

J 

3B-51 

Forney 

0.32 

s 

S 

S 

S 

3C-49 

Long  Creek 

0.65 

s 

S 

J 

J 

3C-53 

North  Mesquite  Creek 

2.42 

s 

S 

J 

J 

3C-54 

Mesquite 

11.25 

s 

s 

J 

J 

3D-23 

Sunnyvale 

4.91 

J 

J 

J 

J 

3D-45 

Garland* (2) 

3.82 

J 

J 

J 

J 

3D-67 

Richardson* 

1.86 

J 

J 

J 

J 

3D-67A 

Garland* 

7.68 

J 

J 

J 

J 

3D-67B 

Garland,*  Mesquite* 

6.55 

J 

J 

J 

J 

3E-25 

Allen 

4.21 

J 

J 

J 

J 

3E-26 

Plano 

7.53 

J 

J 

J 

J 

3E-31 

Richardson* 

0.88 

J 

J 

J 

J 

3E-33 

Garland* 

5.07 

J 

J 

J 

J 

3E-35 

Sachse 

1.80 

J 

J 

J 

J 

3E-40 

Rowlett,  Garland* 

6.67 

J 

J 

J 

J 

3F-65 

Richardson* 

2.71 

J 

J 

J 

J 

3F-69 

Plano* 

9.79 

J 

J 

J 

J 

3G-34 

Wylie 

0.67 

s 

J 

J 

J 

3H-1 

Anna 

0.07 

s 

s 

S 

s 

3H-3 

McKinney  (North) 

0.25 

s 

J 

J 

J 

3H-24 

McKinney  (South) 

3.65 

s 

J 

J 

J 

31-0 

Van  Alstyne 

0.26 

s 

s 

s 

s 

31-5 

Princeton 

0.14 

s 

s 

s 

s 

3J-7 

Tom  Bean 

0.04 

s 

s 

s 

s 

3J-8 

Blue  Ridge 

0.04 

s 

s 

s 

s 

3J-11 

Trenton 

0.10 

s 

s 

s 

s 

3J-14 

Leonard 

0.15 

s 

s 

s 

s 

Total  Flow 

Estimated  1990  Flow  for  Joint 
Participants  (mgd) 

93.41 

63.48 

74.89 

91.91 

92.03(5) 

Notes: 

(1)  Flows  from  populated 

areas  not 

listed  are 

included  in 

the  flows 

shown. 

(2)  Recommended  alternative. 

(3)  * Denotes  part  of  populated  area. 

(4)  "J"  Denotes  joint  participation. 

"S"  Denotes  separate  participation. 

(5)  Excludes  5.88  mgd  allocated  to  other  watersheds. 
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be  phased  out.  Flows  from  the  Seagoville  Federal  Correctional  Institution  are 
included  in  the  flows  for  Seagoville.  Both  the  existing  Garland-Rowlett  Creek  and 
Garland-Duck  Creek  treatment  plants  are  being  considered  for  expansion  at  the 
present  time.  Cost  comparisions  for  the  four  alternatives  are  presented  in  Table  IX-2. 

Alternative  A (Present  System).  The  largest  existing  sewerage  system  in  the  East  Fork 
Watershed  is  composed  of  a series  of  interceptors  along  Duck  Creek  and  Jupiter  Road. 
By  reinforcement  and  minor  extension,  this  system  would  serve  the  following 
populated  areas;  Plano  (Spring  Creek),  Richardson  (Spring  Creek),  Richardson  (Duck 
Creek),  Garland  (Duck  Creek),  Garland  (Lower  Rowlett  Creek),  Mesquite-Dallas 
(Duck  Creek),  and  Sunnyvale  (Duck  Creek).  Sewage  from  these  areas  would  he  treated 
at  the  Garland-Duck  Creek  Plant  located  at  the  mouth  of  Duck  Creek  along  the  East 
Fork.  The  participants  in  the  exisiting  Garland-Duck  Creek  system  are  indicated  in 
Table  IX-10  under  Alternative  A.  However,  several  additional  joint  systems  are 
included  under  this  alternative,  as  follows:  the  Garland-Rowlett  plant  would  serve 
Sachse  and  the  Rowlett  Creek  portions  of  Richardson  and  Garland:  Plano  (Rowlett 
Creek)  and  Allen  would  be  served  by  expansion  of  the  existing  Plano  plant.  Sewage 
from  these  areas  would  amount  to  about  68  percent  of  the  estimated  1990  sewage  flow 
for  the  watershed. 

Facilities  constructed  for  this  alternative  would  include  the  follow  ing: 

(a)  About  180,000  l.f.  (34  mi)  of  gravity  interceptors. 

(b)  Two  pumping  stations  and  about  9,000  l.f.  of  relief  force  mains. 

(c)  Plant  expansion  of  the  existing  10  mgd  plant  to  a total  capacity  of 
about  37  mgd  and  advanced  treatment  facilities  by  1990  at  the  Garland- 
Duck  Creek  site. 

(d)  Expansion  and/or  construction  of  21  additional  treatment  plants 
including  the  Garland-Rowlett  Creek  Plant)  to  serve  the  remaining 
populated  areas  in  the  watershed. 

Alternative  B (Lake  Ray  Hubbard  System)..  Under  this  alternative,  the  service  area 
for  the  Garland-  Duck  Creek  Plant  would  be  increased  to  handle  approximately  80 
percent  of  the  total  1990  sewage  flow  for  the  watershed,  by  including  the  major 
populated  areas  north  of  the  plant  in  the  drainage  basin  of  Lake  Ray  Hubbard.  These 
populated  areas  would  he  served  by  four  sewer  lines,  as  follows: 

(a)  Interceptors  and  force  mains  along  the  eastern  shore  of  Lake  Ray 
Hubbard,  serving  Rockwall  and  Heath; 

(b)  Interceptors  and  force  mains  along  the  Rowlett  Creek,  serving  the 
populated  areas  west  of  Lake  Ray  Hubbard,  including  McKinney,  Allen, 
Richardson  (Rowlett  Creek),  Garland  (Spring  Creek),  Garland  (Rowlett 
Creek),  and  Rowlett; 

(c)  An  interceptor  from  Plano  (Rowlett  Creek)  to  the  Rowlett  Creek 
line  described  above; 

(d)  A force  main  and  interceptors  to  carry  sewage  from  ^ ylie  and  Sachse 
to  the  Rowlett  Creek  line. 
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In  addition,  flows  from  Plano  (White  Rock  Creek)  would  he  pumped  to  the  upstream 
end  of  the  existing  Duck  Creek  line.  The  Row  lett  Creek  line  would  contain  a pumping 
station  and  force  main  at  the  downstream  end  to  pump  between  basins  from  Rowlett 
Creek  to  the  existing  Duck  Creek  interceptor.  With  the  exception  of  McKinney. 
Rockwall  and  Heath  the  participants  in  this  joint  system  would  he  the  same  as  those  in 
the  system  recommended  in  the  preliminary  report  prepared  by  I.W.  Santry,  Inc.,  for 
the  City  of  Garland.  For  Alternative  B.  the  following  facilities  would  he  constructed: 

(a)  About  232,800  l.f.  (44  mi)  of  interceptors: 

(b)  Eight  pumping  stations  and  about  168.000  l.f.  (32  mi)  of  force 
mains: 

(c)  Plant  expansion  from  an  exisiting  capacity  of  10  mgd  to  a capacity 
of  about  75  mgd  by  1090  and  facilities  for  advanced  treatment  at  the 
Garland-Duck  Creek  joint  treatment  plant; 

(d)  Expansion  and/or  construction  of  13  additional  treatment  plants 
to  serve  the  remaining  populated  areas. 

Alternative  C (Hast  Fork  System-Recommended).  For  this  system,  interceptors  and 
force  mains  would  be  constructed  to  carry  the  sewage  flows  from  the  areas  included  in 
Alternative  B.  and  in  addition  flow  from  Mesquite,  Seagoville,  North  Seagoville  area. 
North  Mesquite  Creek  area,  and  the  Long  Creek  area  would  be  carried  upstream  along 
the  East  Fork  Trinity  River  to  the  Garland-Duck  Creek  Plant.  This  plant  would  then 
treat  about  98  percent  of  the  estimated  total  1990  sewage  flow  for  the  watershed. 

For  Alternative  C.  the  following  facilities  would  be  required: 

(a)  About  259.000  l.f.  (49  mi)  of  gravity  interceptors. 

(b)  Twelve  pumping  stations  and  224.000  l.f.  (42.5  mi). 

(c)  Plant  expansion  from  an  existing  capacity  of  10  mgd  to  a capacity  of 
about  92  mgd  at  the  Garland-Duck  Creek  joint  treatment  plant. 

(d)  Expansion  and/or  construction  of  10  additional  treatment  plants  to 
serve  the  remaining  populated  area. 

Alternative  D (Trinity  River  System).  Under  this  alternative,  a joint  treatment  plant 
would  be  constructed  near  the  confluence  of  the  blast  Fork  and  the  Trinity  River, 
which  treat  approximately  98  percent  of  the  estimated  1990  sewage  flows  in  the  East 
F'ork  Watershed.  The  Trinity  River  joint  plant  would  be  located  approximately  19 
miles  downstream  from  Mesquite.  In  addition  to  the  populated  areas  served  by  the 
joint  system  for  Alternative  C.  Crandall  would  contribute  flows  to  the  Trinity  River 
joint  plant.  Because  the  joint  plant  would  be  accessible  to  areas  outside  the  East  Fork 
Watershed.  Terrell.  Kaufman,  and  the  Red  Oak  Creek  areas  have  been  included  as 
participants,  and  a portion  of  the  costs  for  the  joint  treatment  plant  have  been 
allocated  to  these  populated  areas  based  on  estimated  sewage  flow. 

Facilities  required  for  Alternative  D woidd  include  the  following: 


(a)  About  380.000  l.f.  (72  mi)  of  gravity  interceptors. 

(b)  Eight  pumping  stations  and  about  168.000  l.f.  (32  mi)  of  force  mains. 

(c)  Trinity  River  joint  treatment  plant,  with  a capacity  of  about  08  mgd 
(92  mgd  allocated  to  the  East  Fork  \\  atersbed). 

(d)  Expansion  and/or  construction  of  nine  additional  treatment  plants 
to  serve  the  remaining  populated  area. 

Selection  of  Recommended  System.  For  the  East  Fork  Trinity  River  V.  atersbed  3. 
the  East  Fork  System  (Alternative  C)  utilizing  existing  plants  at  sites  not  served  by  the 
joint  system  is  recommended  for  the  following  reasons: 

1.  I nder  a broad  variety  of  conditions  examined  in  the  previous  section 
of  this  chapter,  the  recommended  system  would  be  less  expensive  than 
the  other  alternatives  considered  (see  Table  IX-1,  IX-2  and  IX-3). 

2.  The  recommended  joint  system  would  insure  the  maintenance  of 
high  water  quality  standards  for  Lake  Ray  Hubbard,  by  conveyance  of 
sewage  from  the  major  populated  areas  in  the  reservoir  watershed  to 
the  Garland-Duck  Creek  Plant  downstream  from  the  dam.  Also,  sewage 
from  isolated  sources  along  the  shores  would  then  he  picked  up  bv  the 
proposed  interceptors.  Since  the  land  surrounding  Lake  Ra\  Hubbard 
reservoir  is  being  developed  at  a rapid  pace,  and  the  reservoir  is  easil\ 
accessible  to  residents  of  the  Dallas  metropolitan  area,  the  reservoir  is 
important  as  a potential  recreation  area. 

3.  If  necessary  at  some  time  in  the  future,  the  effluent  from  the  joint 
treatment  plant  on  Duck  Creek  could  be  pumped  a short  distance 
upstream  into  Lake  Hubbard  and  used  for  water  supply  after  dilution 
w ith  reservoir  water. 

4.  The  Duck  ( .reek  plant  is  currently  planned  to  be  expanded  and  the 
site  has  further  expansion  capabilities. 

3.  Consolidation  of  treatment  facilities  will  permit  greater  flexibility  in 
adjusting  treatment  processes  to  meet  water  quality  requirements. 

ELM  FORK  TRINITY  RIVER-W  ATERSHED  4 

All  present  and  potential  contributors  to  the  existing  TRA  Central  Sewage  Treatment 
Plant,  located  near  the  confluence  of  the  U est  Fork  and  Elm  Fork  of  the  Trinity  River 
are  included  in  the  present  discussion.  The  service  area  considered  for  this  plant 
comprises  the  Elm  Fork  Watershed,  and  that  portion  of  the  Vi  est  Fork  Trinity  River- 
Watershed  5 located  downstream  from  the  Village  Creek  Treatment  Plant.  The 
possibility  of  combining  the  flows  from  various  large  joint  treatment  plants,  such  as 
the  Village  Creek.  TRA  Dallas  and  Duck  Creek  plants  into  one  mammoth  plant  is 
considered  at  the  end  of  this  chapter. 


The  population  centers  and  their  participation  in  the  three  alternative  sewerage 
systems  considered  for  this  service  area  are  indicated  in  Table  IX-11.  1‘lans  for  the 
three  alternatives  are  shown  on  Fig.  1X-4  and  cost  comparisons  are  contained  in  Table 
I X- 1 2. 

Preliminary  investigations  indicated  that  it  would  not  be  economical,  in  the 
foreseeable  future,  to  divert  all  of  the  sewage  flows  (including  those  from  Denton  and 
Gainesville)  out  of  the  drainage  basins  of  Garza-Little  Elm  and  Grapevine  Reservoirs. 
At  present,  the  best  means  for  protection  of  water  quality  in  these  reservoirs  appears 
to  he  the  construction  and/or  expansion  of  existing  plants  and  the  provision  of 
tertiary  treatment  for  sewage  from  the  communities  within  the  reservoir  basins. 

For  the  Garza-Little  Elm  Reservoir  basin,  a sewerage  system  serving  Denton  and  other 
communities  on  the  western  side  of  the  reservoir  was  considered,  which  would  carry 
sewage  to  a joint  plant  at  Denton.  The  total  annual  cost  of  this  system  would  he 
roughly  3 percent  higher  than  the  cost  of  the  recommended  Alternative  B.  described 
below.  In  this  case  of  the  Grapevine  Reservoir,  the  cost  of  a joint  sewerage  system 
would  be  about  twice  the  cost  of  separate  local  treatment  plants  for  the  populated 
areas  in  the  basin.  The  only  community  which  it  appears  economical  to  include  in  a 
joint  system  is  Grapevine  (see  Alternative  B). 

The  three  alternative  systems  selected  for  comparison  after  preliminary  investigation 
are  described  briefly  below. 

Alternative  A (Present  System).  The  present  contributors  to  the  existing  TRA  Central 
Plant  are  indicated  asjoint  participants  in  Alternative  A as  shown  in  Table  IX-11.  For 
Alternative  A,  it  is  assumed  that  the  remaining  populated  areas  would  he*  served  by 
separate  treatment  plants.  By  plant  expansion  and  reinforcement  of  trunk  sewers,  the 
existing  joint  system  would  receive  about  47  percent  of  the  estimated  total  1990  sewage 
flow  in  the  potential  service  area.  Alternative  A woidd  require  construction  of  the 
following  facilities: 

(a)  About  196.000  l.f.  (37  mi)  of  gravity  interceptors. 

(b)  Three  pumping  stations  and  about  9.000  l.f.  of  force  mains. 

(c)  At  the  site  of  the  existing  30  mgd  TRA  Central  Plant,  expansion  to  a 
capacity  of  about  57  mgd  by  1990  and  prov  ision  of  advanced  treatment. 

(d)  Construction  and/or  expansion  of  approximately  50  additional 
treatment  plants  to  serve  the  remaining  populated  areas. 


Alternative  ll  (Partially  Consolidated  System-Recommended).  In  the  Elm  Pork 
Watershed,  a major  interceptor  serving  Coppell  and  Lewisville  would  he  constructed 
along  the  Elm  Fork  interceptor.  The  portion  of  Grapevine  which  drains  into 
Grapevine  Reservoir  would  he  served  by  a branch  interceptor.  This  interceptor 
would  carry  flows  to  the  Lewisville-Elm  Fork  interceptor. 

Communities  beyond  Lewisville  and  Grapevine  woidd  he  served  by  separate  local 
treatment  plants.  Preliminarv  investigation  indicates  that  to  include  Denton  in  the 
joint  sewerage  system  would  he  slightly  more  expensive  than  to  provide  Denton  will) 
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TABLE  IX-11.  PARTICIPATION  IN  ALTERNATIVE  SEWERAGE  SYSTEMS 
ELM  FORK  TRINITY  RIVER  - WATERSHED  4(1) 


Node  No 

. Populated  Area 

1990<2) 

Average 

Flow 

(mgd) 

A 

Present 

Alternative  Systems 

B C 

Partially^)  Fully 

Consolidated  Consolidated 

4A-81 

Lewisville 

4.09 

S(5) 

J(5) 

J 

4A-112 

Grapevine  Creek 

4.63 

J 

J 

J 

4A-114 

Hackberry  Creek 

6.95 

J 

J 

J 

4A-117 

Carrollton 

7.00 

J 

J 

J 

4A-120 

Farmers  Branch 

4.63 

J 

J 

J 

4A-122 

Dallas* 

0.83 

J 

J 

J 

4A-124 

Irving* 

15.05 

J 

J 

J 

4A-163 

Coppell 

2.51 

S 

J 

J 

4B-150 

Justin 

0.24 

S 

S 

J 

4B-151 

Roanoke 

0.09 

s 

S 

J 

4B-156 

Grapevine* 

3.80 

s 

J 

J 

4B-159 

Future  Development 

0.03 

s 

s 

J 

4B-161 

Future  Development 

0.03 

s 

s 

J 

4C-50 

Muenster 

0.22 

s 

s 

J 

4C-51 

Myra 

0.02 

s 

s 

J 

4C-54 

Lindsay 

0.04 

s 

s 

J 

4C-55 

Gainesville 

2.32 

s 

s 

J 

4C-58 

Valley  View 

0.14 

s 

s 

J 

4C-71 

Denton 

8.17 

s 

s 

J 

4C-74 

Camp  Copass 

0.03 

s 

s 

J 

4C-76 

Shady  Shores 

0.02 

s 

s 

J 

4C-70A 

Lake  Dallas 

0.15 

s 

s 

J 

4C-206 

Prosper 

0.05 

s 

s 

J 

4C-209 

Frisco 

0.25 

s 

s 

J 

4D-100 

Krum 

0.09 

s 

s 

J 

4D-104 

Argyle 

0.05 

s 

s 

J 

4E-2 

Rosston 

0.02 

s 

s 

J 

4E-3 

Leo 

0.01 

s 

s 

J 

4E-8 

Bolivar 

0.02 

s 

s 

J 

4E-10 

Sanger 

0.32 

s 

s 

J 

4F-60 

Pilot  Point 

0.34 

s 

s 

J 

4F-64 

Aubrey 

0.  i8 

s 

s 

J 

4F-200 

Gunter 

0.09 

s 

s 

J 

4F-204 

Celina 

0.20 

s 

s 

J 

4G-213 

Collinsville 

0.08 

s 

s 

J 

4G-214 

Tioga 

0.06 

s 

s 

J 

5A-19 

Regional  Airport 

5.00 

s 

J 

J 

5A-20 

Keller 

0.75 

s 

J 

J 

5 A- 21 

Southlake* 

0.54 

s 

J 

J 

5A-22 

Southlake* 

0.54 

s 

J 

J 

5A-23 

Colleyville* 

1.96 

s 

J 

J 

5A-24 

Grapevine 

2.95 

s 

J 

J 

5A-30 

Irving 

1.75 

J 

J 

J 

5A-60 

Greenview 

0.06 

J 

J 

J 

5B-25 

North  Richland  Hills 

0.44 

s 

J 

J 

3B-26 

Hurst* 

0.63 

s 

J 

J 

5B-27 

Bedford 

0.31 

s 

J 

J 

5B-28 

Colleyville 

0.00 

J 

J 

J 

5B-29 

Euless* 

1.81 

J 

J 

J 

5C-1 

Venus 

0.05 

s 

s 

J 

5C-65 

Grand  Prairie 

7.49 

J 

J 

J 

5C-208 

East  Mountain  Creek* 

0.50 

J 

J 

J 

5C-211 

East  Mountain  Creek* 

1.46 

s 

s 

J 

5C-35Q 

Kirby  Creek 

6.70 

J 

J 

J 

5C-450 

Future  Development 

1.11 

s 

J 

J 

3C-451 

Riture  Development 

0.70 

s 

J 

J 

5C-452 

Future  Development 

3.79 

s 

J 

J 

5C-453 

Future  Development 

1.59 

s 

J 

J 

5C-300 

Midlothian 

0.37 

s 

s 

J 

5D-214 

Mansf ield 

1.24 

s 

s 

J 

5D-448 

Future  Development 

1.38 

s 

J 

J 

5D-449 

Future  Development 

1.03 

s 

J 

J 

5E-195 

Arlington* 

14.04 

s 

J 

J 

5F-184 

Euless* 

7.05 

s 

J 

J 

5F-186 

Arlington* 

1.28 

s 

J 

J 

5F-188 

Euless* 

2.26 

s 

J 

J 

5F-190 

Arlington 

1.28 

s 

J 

J 

Total  1990  Flows,  Both  Watersheds 

132.81 

57.40 

116.43 

132.81 

No te s : 

(1)  Plus  part  of  West  Fork  Trinity  River  - Watershed  3. 

(2)  Flows  from  populated  areas  not  listed  are  included  in  the 

flows  shown. 

(3)  Recommended  alternative. 

(4)  * Denotes  part  of  populated  area. 

(5)  "J"  Denotes  Joint  participation. 

"S"  Denotes  separate  participation. 
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ALTERNATIVE  B 


SCALE  IN  MILES 


NOTES 

NOT  ALL  ST  PS  IN  WATERSHED  APE  SHOWN 


2 PARTICIPATION  OF  ALL  S.TP  S IN 
ALTERNATIVE  systems  IS  SHOWN 
IN  TABLE  H- 


FIG. IX-  4 ALTERNATIVE  SEWERAGE  SYSTEMS 
(ELM  FORK  , WEST  FORK  TRINITY  TRIBUTARY 
TO  TRA  PLANT- WATERSHEDS  4 AND  5) 


TABLE  IX-12 . COST  COMPARISONS  OF  ALTERNATIVE  SYSTEMS 
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separate  advanced  treatment  facilities.  Subsequent  detailed  studies  may  indicate  that 
sewage  should  be  carried  from  Denton  to  the  joint  system  to  safeguard  the  quality  of 
Garza-Little  Elm  Reservoir.  In  such  a case  however,  it  might  be  found  undesirable  to 
reduce  the  safe  yield  of  Garza-Little  Elm  Reservoir  through  the  diversion  of  sewage 
treatment  plant  effluent  to  a downstream  location. 

In  the  portion  of  the  West  Fork  Watershed  below  the  Village  Creek  plant,  the  existing 
sewerage  system  would  be  extended  to  serve  all  the  populated  areas  with  the  exception 
of  Venus,  East  MountainCreek,Midlothian,  and  Mansfield.  Approximately  86  percent 
of  the  estimated  total  1990  sewage  flows  in  the  potential  service  area  could  be  conveyed 
to  the  site  of  the  existing  TRA  Central  Plant  under  Alternative  B.  Facilities 
constructed  would  include  the  following: 

(a)  About  566,400  l.f.  (107  mi.)  of  gravity  interceptors. 

(b)  Six  pumping  stations  and  about  19,000  l.f.  (4  mi.)  of  force  mains. 

(c)  Expansion  of  the  existing  30  mgd  TRA  Central  Plant  to  a capacity 
of  about  116  mgd  by  1990,  and  construction  of  advanced  treatment 
facilities. 

(d)  Expansion  and/or  construction  of  about  32  additional  treatment 
plants  to  serve  the  remaining  populated  portions  of  the  service  area. 

Alternative  C(Fully  Consolidated  System).  Under  this  alternative,  all  sewage  flows  in 
the  potential  service  area  would  be  conveyed  to  the  site  of  the  existing  TRA  Central 
Plant.  The  following  facilities  would  he  required: 

(a)  About  1,920,000  l.f.  (364  mi.)  of  gravity  interceptors. 

(b)  Fifteen  pumping  stations  and  about  81.000  l.f.  (15.3  mi.)  of  force 
mains. 

(c)  Expansion  of  the  existing  30  mgd  TRA  plant  to  a capacity  of  about 
133  mgd.  and  construction  of  advanced  treatment  facilities.  All  existing 
separate  treatment  plants  would  be  phased  out. 

Selection  of  Recommended  System.  The  partially  consolidated  system  (Alternative  B) 
utilizing  existing  plants  at  sites  not  served  by  the  joint  system  is  recommended  for  the 
following  reasons: 

1.  As  indicated  by  the  cost  comparisons  in  Table  IX-12,  the 
recommended  system  would  cost  less  than  the  present  system  by 
approximately  12  percent.  It  is  also  less  expensive  under  the  conditions 
presented  in  Table  IX-1. 

2.  The  recommended  joint  sewerage  system  would  provide  the  general 
advantages  of  consolidation,  such  as  attractive  possibilities  for 
wastewater  reuse,  high  quality  of  operation,  and  flexibility  in  treatment 
processes  employed  to  achieve  desired  water  quality. 
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3.  The  existing  THA  Central  Plant  site  has  capability  for  future 
expansion. 

4.  The  recommended  alternative  system  makes  optimum  economic 
use  of  existing  treatment  plants. 

WEST  FORK  TRINITY  RIVER  - WATERSHED  5 

The  following  discussion  is  concerned  with  the  Fort  Worth  area  and  other  portions  of 
the  West  Fork  Watershed  which  lie  upstream  from  the  existing  Village  Creek  Sewage 
Treatment  Plant.  The  V illage  Creek  system,  together  with  the  Riverside  Plant,  serves 
17  neighboring  populated  areas  in  addition  to  Fort  Worth  and  constitutes  a partially 
consolidated  system  for  the  West  Fork  Watershed.  Consideration  of  the  remainder  of 
the  watershed,  which  includes  Euless  and  portions  of  Arlington  and  Grand  Prairie,  is 
contained  in  the  discussion  of  the  Elm  Fork  Watershed,  since  those  areas  are 
potential  contributors  to  the  TRA  Central  Treatment  Plant. 

Table  IX-13  contains  a list  of  the  populated  areas  which  are  potential  contributors  to 
the  Village  Creek  plant,  and  indicates  the  participation  of  these  areas  considered  in 
each  of  three  alternative  systems,  described  below.  Plans  of  the  three  alternatives  are 
shown  in  Fig.  IX-5  and  cost  comparisons  are  presented  in  Table  IX-14. 

Alternative  A (Present  System).  Fort  Worth  and  nearby  communities  are  served  at 
present  by  an  extensive  sewerage  system  with  treatment  provided  at  the  Riverside  and 
Village  Creek  Treatment  Plants.  At  the  Riverside  Plant,  excess  flows  overflow  or  are 
conveyed  to  the  Village  Creek  plant  for  treatment.  The  decision  has  recently  been 
made  to  phase  out  the  Riverside  Plant  and  divert  all  flows  to  the  Village  Creek  Plant. 
Therefore,  no  consideration  is  given  herein  to  retaining  or  expanding  the  Riverside 
Plant. 

Under  Alternative  A,  only  the  present  contributors  would  participate  in  the  Village 
Creek  joint  sewerage  system,  and  the  remaining  populated  areas  in  the  watershed 
would  be  served  by  separate  treatment  plants.  For  this  condition,  the  Village  Creek 
plant  would  treat  about  80  percent  of  the  estimated  1990  total  sewage  flows  for  the 
West  Fork  Watershed  upstream  from  the  plant.  Facilities  required  would  include  the 
following: 

(a)  About  333.000  l.f.  (63  mi.)  of  relief  gravity  interceptors  in  the 
existing  joint  sewerage  system. 

(h)  One  pumping  station  and  about  3.500  l.f.  of  force  main. 

(c)  Expansionof  the  45  mgd  Village  Creek  Plant  to  a capacity  of  about 
148  mgd  hv  1990,  and  provision  of  advanced  treatment  facilities. 

(d)  Expansion  and  /'or  construction  of  about  42  additional  treatment 
plants  to  serve  the  remaining  populated  areas. 

Alternative  B (l -'Hinge  Creek  System-Recommended).  Under  this  alternative,  the 
present  joint  sewerage  system  would  he  relieved  and  extended  to  carry  about  96 
percent  of  the  total  estimated  sewage  flows  in  1990.  Extensions  to  the  system  would 
serve  the  following  areas: 
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TABLE  IX-13.  PARTICIPATION  IN  ALTERNATIVE  SEWERAGE  SYSTEMS 


WEST  FORK  TRINITY  RIVER  - WATERSHED  S' 


ir 

(Potential  Contributors  to  the 

Village  Creek  Treatment  Plant) 

1990^)  Alternative  Sy 

Average  A B 

Flow  Village^) 

stems 

C 

Fully 

Node  No 

Populated  Area 

(mgd) 

Present 

Creek 

Consol idated 

5G-123 

Fort  Worth* 

13.23 

j(5> 

J 

J 

5G-130 

Burleson 

0.44 

S(5> 

J 

J 

5G-132 

Crowley 

0.75 

s 

J 

J 

5G-134 

Fort  Worth* 

7.94 

J 

J 

J 

5G-136 

Ever man 

0.69 

s 

J 

J 

5G-137 

Kennedale 

1.74 

s 

J 

J 

5G-138 

Forest  Hill 

2.12 

s 

J 

J 

5H-141 

Banfield  Mobile  Homes 

0.20 

s 

J 

J 

5H-143 

Royal  Coach  Mobile  Homes 

0.50 

s 

J 

J 

5H-145 

L & M Mobile  Homes 

0.09 

s 

J 

J 

5H-146 

Dalvorthington  Gardens 

0.61 

s 

J 

J 

5H-149 

Treetop  Mobile  Homes 

0.28 

s 

J 

J 

5H-150 

Treetop  Mobile  Homes  South 

0.39 

s 

J 

J 

5H-153 

Tumbleweed  Mobile  Homes 

0.55 

s 

J 

J 

5H-156 

Wilson 

0.27 

s 

J 

J 

5H-157 

Parsons 

0.43 

s 

J 

J 

5H-158 

Pantego 

0.61 

s 

J 

J 

5H-199 

Arlington* 

2.55 

s 

J 

J 

5H-200 

Arlington* 

(North  Richland  Hills 

2.55 

s 

J 

J 

51-117 

(Watauga 

(Hurst* 

7.96 

J 

J 

J 

51-118 

Hurst* 

8.84 

J 

J 

J 

51-168 

Richland  Hills 

0.91 

J 

J 

J 

5J-112 

Richland  Hills 

0.91 

s 

J 

J 

5J-113 

Haltom  City 

8.86 

J 

J 

J 

5K-166 

Saginaw 

1.35 

J 

J 

J 

5K-167 

Blue  Mound 

0.44 

J 

J 

J 

5K-183 

American  Manufacturing  Co. 

0.28 

J 

J 

J 

5K-184 

Fort  Worth  Refining  Co. 

0.26 

J 

J 

J 

5M-92 

Fort  Worth* 

21.17 

J 

J 

J 

5M-123 

5M-181 

Fort  Worth* 

Texas  and  Pacific,  Missouri 

23.81 

J 

J 

J 

Pacific  Railroad  Co. 

0.36 

J 

J 

J 

5M-182 

American  Cyanamid  Company 

1.25 

J 

J 

J 

5N-94 

Edged  iff 

0.91 

J 

J 

J 

5N-98 

Fort  Worth* 

5.29 

J 

J 

J 

5N-99 

Fort  Worth* 

7.94 

J 

J 

J 

5N-100 

Fort  Worth* 

21.66 

J 

J 

J 

5N-128 

Fort  Worth* 

5.29 

J 

J 

J 

5Q-71 

Benbrook 

3.17 

J 

J 

J 

5Q-72 

St.  Francis  Village 

0.19 

s 

S 

J 

5Q-73 

Weatherford 

2.37 

s 

s 

J 

50-75 

Lake  Weatherford 

0.15 

s 

s 

J 

5Q-76 

Aledo 

0.05 

s 

s 

J 

5S-18 

Chico 

0.09 

s 

s 

J 

5S-19 

Br  idgeport 

0.74 

s 

s 

J 

5S-23 

Runaway  Bay 

0.22 

s 

s 

J 

5S-25 

Wizard  Wells 

0.01 

s 

s 

J 

5S-35 

Jermvn 

0.13 

s 

s 

J 

5S-38 

Jacks boro 

0.49 

s 

s 

J 

5S-39 

Decatur 

0.67 

s 

s 

J 

5S-43 

Paradise 

0.06 

s 

s 

J 

5S-46 

Boyd,  Aurora,  Rhorae 

0.16 

s 

s 

J 

5S-47 

Newark 

0.10 

s 

s 

J 

5S-51.5IA  Reno,  La  Junta  Highland  Add' 

n 0.17 

s 

s 

J 

5S-52 

Spr ingtown 

0.17 

s 

s 

J 

5S-59 

Lakeside 

0.71 

s 

J 

J 

5S-60 

Lake  Worth 

1.43 

J 

J 

J 

5S-63 

Sansom  Park 

1.07 

J 

J 

J 

5S-69 

River  Oaks,  Westover  Hills 

1.12 

J 

J 

J 

5S-70 

White  Settlement,WestworthVillage3. 34 

J 

J 

J 

5S-175 

Azle 

1.31 

s 

J 

J 

5T-1 

Bowie 

1.14 

s 

s 

J 

5T-4 

Lake  Amon  Carter 

0.10 

s 

s 

J 

5T-6 

Sunset 

0.03 

s 

s 

J 

5T-9 

Park  Springs 

0.01 

s 

s 

J 

5T-11 

Alvord 

Total  Flow 

0.08 

172.71 

s 

s 

J 

Estimated  1990  Flow  for  Joint  Participants  (mgd) 

147.88 

165.58 

172.71 

Notes : 

(1)  Except  not  including  part 

to  Elm  Fork 

Trinity 

River  - Watershed  4. 

(2)  Flows  from  populated  areas  not  listed 

(3)  Recommended  alternative. 

(4)  Denotes  part  of  populated  area. 

(5)  "J"  Denotes  Joint  participation. 

"S"  Denotes  separate  participation. 

are  Included  in  the 

flows  shown. 
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FIG. IX- 5 ALTERNATIVE  SEWERAGE  SYSTEMS 
(WEST  FORK  TRINITY-  WATERSHED  5) 
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(a)  Crowley,  Burleson.  Everman.  Forest  Hill  and  portions  of  Arlington 
in  the  Village  Creek  and  Hush  Creek  W atershed. 

(h)  Oalworlhington  Gardens,  Wilson.  Parsons,  Pant  ego.  and  mobile 
home  parks  in  the  Hush  Creek  drainage  area. 

(e)  \zleand  I-akeside  in  the  vicinity  of  Eagle  Mountain  Fake  and  Lake 
Worth  on  the  West  Fork  of  the  Trinit)  River. 

(d)  Haltom  City  and  a portion  of  Riehland  Hills,  which  are  located 
near  the  West  Fork  about  midway  between  the  Riverside  and  Village 
Creek  treatment  plants. 

Facilities  constructed  under  Alternative  B may  be  summarized  as  follows: 

(a)  About  534.000  l.f.  (101  mi)  of  interceptors. 

(b)  Three  pumping  stations  and  about  10.000  l.f.  (2  mi)  of  force  mains. 

(c)  Expansion  of  the  45  mgd  Village  Creek  Plant  to  a capacity  of  about 
166  mgd  to  treat  the  estimated  flows  in  1990  and  provision  of  advanced 
treatment  facilities. 

(d)  Expansion  and/or  construction  of  about  21  additional  treatment 
plants. 

Alternative  C(  Fully  Consolidated  System).  I nder  this  alternative,  all  the  potential 
contributors  listed  in  Table  IX-13  would  he  served  hv  a single  joint  sewerage  system. 
The  facilities  required  for  this  alternative  would  he  as  follows: 

(a)  About  1,533.000  l.f.  (290  mi)  of  interceptiors. 

(b)  Nine  pumping  stations  and  20.000  l.f.  (3.8  mi)  of  force  mains. 

(c)  Expansion  of  the  45  mgd  Village  Creek  Plant  to  a capacity  of  about 
173  mgd  by  1990  and  construction  of  advanced  treatment  facilities.  All 
existing  sewage  treatment  plants  would  he  phased  out. 

Selection  of  Recommended  System.  The  \illage  Creek  System  (Alternative  B)  is 
recommended  for  the  upstream  portion  of  the  W est  Fork  W atershed  for  the  following 
reasons: 


1.  As  indicated  hv  the  cost  comparisions  in  Table  IX-14.  the 
recommended  plan  would  cost  loss  than  the  present  system  by 
approximately  6 percent.  The  fully  consolidated  system.  Alternative  (.'. 
would  offer  a higher  degree  of  consolidation,  but  at  an  unacceptable 
increase  in  cost.  The  cost  comparision  of  Alternative  C with  Alternative 
B indicates  an  additional  cost  of  about  12  to  14  percent  to  increase  the 
flow  to  the  regional  plant  by  1 percent,  which  represents  a high 
marginal  cost  for  increasing  the  degree  of  consolidation. 
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2.  The  recommended  Village  Creek  joint  system  would  provide  the 
general  advantages  of  consolidation  such  as  attractive  possibilities  for 
wastewater  reuse,  high  quality  of  operation,  and  flexibility  in  treatment 
processes  employed  to  achieve  desired  water  quality. 

3.  Div  ersion  of  sewage  from  Azle  into  the  joint  system  would  help  to 
protect  water  quality  in  Eagle  Mountain  Lake  and  Lake  Worth. 

4.  The  existing  Village  Creek  Plant  site  has  capability  for  future 
expansion. 

5.  The  recommended  alternative  system  makes  optimum  economic 
use  of  existing  treatment  plants. 

CHAMBERS  WAXAHACHIE  CREEK-W  ATERSHED  10 

The  populated  areas  considered  in  the  investigation  of  joint  facilities  for  the 
Chambers-Waxahathie  Creek  Watershed  are  listed  in  Table  IX-15,  with  a designation 
of  their  participation  in  two  alternative  systems.  Although  the  costs  and  flows  for 
Midlothian  and  Sonoma  have  been  presented  in  the  discussion  of  the  Elm  Fork  and 
Trinity  River  watersheds,  respectively,  they  are  included  again  in  this  discussion. 
Corsicana,  which  lies  outside  the  study  area,  has  also  been  included,  because  it  is 
relatively  large  compared  to  the  other  communities.  In  addition  Ennis  which  lies  in 
the  Cummins  Creek-W  atershed  1 1 is  included  in  this  discussion. 

As  mentioned  in  the  discussion  of  the  Trinity  River-Watershed  1,  the  possibility  of 
conveying  the  flows  from  Palmer  and  the  Red  Oak  Creek  area  to  Sonoma  was 
investigated  and  found  to  be  more  expensive  than  separate  plants  for  the  individual 
communities. 

Additional  studies  revealed  no  feasible  joint  system  for  any  combination  of  the 
populated  areas  considered,  due  to  the  small  projected  populations  and  large 
distances  between  population  centers.  For  purposes  of  comparison  with  the  cost  of 
separate  treatment  plants,  the  cost  of  a consolidated  system  serving  all  the  populated 
areas  is  presented  in  Table  IX-15  as  Alternative  B. 

Alternative  A ( Present  System  Recommended).  Theestimated  costs  for  ten  separate 
treatment  plants  serving  the  populated  areas  are  indicated  under  Alternative  A in 
I able  IX-16.  No  joint  conveyance  facilities  would  be  required  for  this  alternative  but 
it  would  appear  convenient  for  flow  from  Sonoma  to  be  treated  w ith  Ennis  sewage. 

Alternative  R( Consolidated  System).  The  joint  plant  considered  for  this  alternative 
would  he  located  near  Corsicana,  on  Waxahachie  Creek,  and  would  serve  all  the 
populated  areas  considered.  This  joint  system  would  provide  protection  of  the  water 
qnalitv  in  Bardwell  Reservoir,  by  diversion  of  sewage  flows  out  of  the  reservoir  basin. 

Mternative  B would  involve  construction  of  the  following  facilities: 

(a)  About  694.000  l.f.  (131  mi)  of  gravity  interceptors. 

< b ) Four  pumping  stations  and  about  30.000  l.f.  (5.7  mi)  of  force  mains. 
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Qr^ja  TABLE  IX-15.  PARTICIPATION  IN  ALTERNATIVE  SEWERAGE  SYSTEMS 
CHAMBERS-WAXAHACHIE  CREEK  - WATERSHED  10 


1990 

Alternative 

System 

Node  No. 

Average 

Flow(l) 

(mgd) 

A 

Present  ^ 

B 

Consolidated 

IB-92 

Sonoma 

0.11 

s(2) 

J<2> 

5C-500 

Midlothian 

0.37 

S 

J 

10A-80 

Alvarado 

0.24 

s 

J 

10A-81 

Maypearl 

0.04 

s 

J 

10A-83 

Grandview 

0.13 

s 

J 

10A-84 

Italy 

0.18 

s 

J 

10A-86 

Milford 

0.05 

s 

J 

10A-97 

Corsicana 

3.27 

s 

J 

10B-89 

Waxahachie 

3.42 

s 

J 

11A-94 

Ennis 

1.89 

s 

J 

Total  Flow 

9.70 

Capacity  of  Joint  Treatment  Plant 
for  1990  flow 

(mgd) 

0 

9.70 

Notes : 

(1)  Flows  from  populated  areas  not  listed  are  included  in  flows  shown. 

(2)  "S”  Denotes  separate  participation. 

"J"  Denotes  joint  participation. 

(3)  Recommended  Alternative. 
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(<•)  An  advanced  wastewater  treatment  plant,  receiving  an  estimated 
sewage  flow  of  about  9.7  mgd  in  1990. 

Selection  of  Recommended  System.  The  present  system  (Alternative  A)  is 
recommended  on  the  basis  of  lowest  cost.  The  joint  system  considered  (Alternative  B) 
would  he  about  twice  as  expensive,  as  shown  by  the  cost  comparison  in  Table  X-16. 

REMAINING  AREAS  -WATERSHEDS  6,7.8,9,12 

llrazos  Hirer  - If  atershed  6.  About  280.000  acres,  or  almost  one-half,  of  Parker  County 
lies  within  the  Brazos  River  Basin.  The  drainage  divide  that  separates  the  Brazos  Basin 
on  the  west  from  the  Trinity  basin  on  the  east  runs  generally  north  and  south  across 
Parker  Countv  and  passes  near  the  west  edge  of  Weatherford,  the  county  seat.  This 
western  portion  of  the  county  is  a rural  area,  with  no  population  concentrations  ol 
more  than  a few  hundred  people.  There  are  fewer  than  6.000  people  within  the  area, 
and  little  increase  in  population  is  expected  within  the  foreseeable  luture.  According 
to  available  records  there  are  no  municipal  sewage  treatment  plants  in  the  area,  and 
tlic  need  fora  joint  sewerage  svstem  is  not  indicated.  Because  of  the  sparse  population 
it  is  not  anticipated  that  the  sewage  from  the  area  will  have  an  adverse  effect  on  either 
the  Brazos  River  or  on  DeCordova  Bend  Reservoir,  a recently  completed  mainstem 
conservation  project  whose  upper  reaches  extend  into  the  southern  edge  ol  Parker 
( Jiuntv . 

llrazos  Hirer  - Watershed  7.  f ewer  than  1.50(1  people  live  in  this  80.000  acre  area  on  the 
western  edge  of  Johnson  Countv.  and  the  population  is  not  expected  to  increase 
substantially  beyond  this  number  by  the  year  2020.  The  area  is  rural,  with  no 
population  centers  and  contains  no  municipal  sewage  treatment  plants.  It  is  remote 
from  populous  areas,  and  the  need  for  joint  sewerage  facilities  is  not  indicated. 

\olands  Hirer  II  at  er  shell  It.  The  City  off  Jehu  me.  w hich  has  a population  of  17.800  in 
1967.  lies  in  the  heart  id'  the  157.000  acre  portion  of  Johnson  County  drained  by  the 
Nolands  River,  a tributary  of  the  Brazos  River.  The  population  of  the  area  is  expected 
to  approach  50.000  people  hv  the  v ear  2020.  most  ol  whom  would  live  in  ( Jehu  me.  The 
Cleburne  sewage  treatment  plant  is  not  in  a position  to  serve  economically  the 
upstream  communities  of  Joshua  (800  people)  and  Godlcy  (450  people)  because  of  the 
prohihitiv elv  great  interceptor  lengths  which  would  he  required,  furthermore, 
co  n so  I i da  t ion  of  t he  sew  erage  faci  lit  ies  with  t hose  of  another  ci  tv  is  unfeasible  because 
of  the  great  distances  involved  and  the  small  size  of  neighboring  communities.  Waste 
treatment  can  best  he  provided  by  expansion  ol  existing  facilities. 

Richland  ('.reek  -ll  atershed  9.  Though  this  area  eventually  drains  into  the  Trinity 
River,  it  does  not  do  so  through  the  ten-county  NCTCOG  area.  Having  an  expected 
population  of  no  more  than  800  people  by  the  year  2020.  this  8.200-acre  remote  rural 
area  contains  no  sewage  collection  or  treatment  facilities. 

Sabine  Hirer  - Watershed  12.  Royse  City,  with  a population  of  1.200  in  1967.  i«  the 
lamest  population  center  in  this  72.000-acre  area.  Population  projections  indicate  that 
hv  the  vear  2020  about  18.000  people  will  inhabit  the  area,  most  of  whom  are  expected 
to  live  in  Rovse  Citv . The  area  is  tributary  to  Lake  Tawakoni.  a Sabine  River  Authority 
reservoir  from  which  the  City  of  Dallas  obtains  a sizeable  portion  of  its  water  supply. 
There  are  no  sewage  treatment  plants  in  the  Sabine  watershed  which  are  conveniently 
located  to  receive  the  wastes  from  Rovse  ( it y . 


I 
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CHAMBERS -WAXAHACHIE  CREEK  - WATERSHED  10 


(3)  Recommended  alternative,  shown  boxed. 

(4)  No  existing  plant  at  joint  treatment  plant  site. 


Consideration  has  been  given  in  ibis  stnd\  to  pumping  Rovse  Cit\  sewage  westward  to 
the  Hast  I'ork  Trinit)  River  system  bv  wav  of  Rockwall.  This  was  found  to  be 
uneconomical,  however,  on  the  basis  of  estimated  future  sewage  flows.  The  most 
practical  solution  to  this  waste  disposal  problem  is  for  Rovse  Cit\  to  treat  its  own 
sewage  to  maintain  the  high  water  quality  in  Lake  Tawakoni.  which  is  about  fifteen 
miles  downstream.  \ separate  treatment  plant  is  now  planned  for  Rovse  City,  as 
discussed  in  Chapter  IN  . 

REGIONAL  SYSTEM  ALTERNATIVE 

As  used  herein,  the  term  "joint  sewerage  system"  refers  to  a sew.  rage  system  which 
serves  two  or  more  communities  usually  in  one  watershed  while  a "regional"  svstem  is 
considered  to  serve  a number  of  watersheds.  I he  investigations  for  individual 
watersheds  indicate  the  feasibility  of  six  joint  sewerage  svslenis  for  the  >tudy  area, 
associated  with  the  following  existing  plants:  Dallas- Vi  bite  Rock.  Dallas-South  Side. 
1 R A Ten  Mile  (.reek.  Garland-Duck  Creek,  IRA  Central,  and  Fort  Vi  orth-\  illagc 
Creek.  I his  section  considers  the  possibility  ol  a regional  svstem  serving  two  or  more 
ol  t hese  joint  systems  as  an  alternative  to  the  joint  sys terns. 

For  the  regional  system  alternative,  the  joint  treatment  plant  sites  have  been 
considered  as  local  collection  points,  and  the  joint  interceptor  svstems  have  been 
ignored.  The  only  exception  is  in  the  East  Fork  system  where  the  flows  for  the 
communities  downstream  from  the  Garland-Duck  Creek  plant  would  enter  a regional 
interceptor  directly,  without  being  pumped  upstream  to  the  Garland-Duck  Creek 
plant.  In  all  other  cases,  the  flows  which  might  enter  a regional  interceptor  directly 
from  local  communities  have  been  considered  as  negligible  compared  to  the  flows 
conveyed  between  joint  treatment  plants. 

In  the  regional  system  alternative,  the  treatment  plant  would  he  located  near  the 
mouth  of  the  East  Fork  of  the  Trinity  River,  with  large  interceptors  extending 
upstream  along  the  Trinitv  River  and  the  West  Fork,  up  the  East  Fork,  and  up  Ten 
Mi  le  Creek  to  each  of  the  six  joint  plant  sites.  Facilities  required  for  the  regional 
system  would  include  416.000  l.f.  (79  mi)  of  gravity  interceptor,  and  a tertiary 
treatment  plant  which  would  receive  an  estiamted  flow  of  about  574  mgd  in  1990. 

The  est i mated  cost  of  the  regional  system  is  about  one  percent  less  than  the  cost  of  the 
recommended  joint  plants,  as  shown  in  Table  IX-17.  However,  it  should  he  noted  that 
the  cost  of  the  regional  plant  has  been  estimated  by  extrapolation  of  the  generalized 
cost  curves;  whereas  for  flows  of  the  magnitude  considered,  it  is  unlikely  that  one 
would  obtain  the  degree  of  economy  of  scale  indicated  in  the  generalized  cost  curves. 

The  interceptor  sizes  computed  in  this  cost  comparison  range  up  to  20  ft  in  diameter, 
with  unit  costs  obtained  by  an  extrapolation  of  Fig.  VII-1,  whereas  in  fact  the  diameter 
of  Class  III  thick-wall  pipe,  delivered  to  site  (the  type  considered  in  the  derivation  of 
Fig.  Vll-lf)  would  he  limited  to  about  l()-ft  because  of  difficulty  of  road  transport  of 
larger  sizes.  It  is  more  realistic  to  consider  the  flows  conveyed  by  two  or  more  parallel 
interceptors  in  which  case  the  cost  of  interceptor  construction  for  the  regional  system 
might  he  somewhat  greater  than  the  $189,830,000  shown.  Therefore,  despite  the 
appearance  of  Table  IX-17.  it  is  considered  that  there  is  no  appreciable  cost  advantage 
to  the  regional  system  alternative. 
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TABLE  IX-17 . COST  COMPARISON  FOR  REGIONAL  SYSTEM 
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In  view  of  the  probable  cost  advantage,  the  six  joint  systems  are  recommended  in 
preference  to  a single  regional  system  because  a regional  system  would  deprive  the 
l pper  Trinity  River  of  practically  all  flow  during  the  dry  summer  season.  In  contrast, 
the  joint  systems  would  provide  treated  effluent  for  power  plant  cooling,  as  discussed 
in  Chapter  XI,  for  navigation,  and  for  other  water  uses  in  the  Dallas-Fort  Worth 
metropolitan  area  throughout  the  year. 

SI  MMARY  OF  RECOMMENDED  ALTERNATIVES 

\ summary  of  the  estimated  cost  and  flows  is  presented  in  Chapter  X.  which  contains  a 
detailed  description  of  the  recommended  alternatives,  including  proposed  staging  of 
construction.  Six  joint  sewerage  svstems  are  recommended  in  the  study  area  based  on 
total  estimated  costs  and  w ithout  regard  to  the  effects  of  Federal  and  State  assistance. 
The  nucleus  for  each  of  these  «\stcms  either  now  exists  or  i-  under  construction. 
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CHAPTER  X 

RECOMMENDED  REGIONAL  SEWERAGE  PLAN 

GENERAL  CONSIDERATIONS 


In  each  major  watershed  of  the  study  area,  the  recommended  plan  consists  of  a 
combination  of  separate  treatment  plants  and  one  or  more  systems  of  interceptors 
carrying  flows  to  a joint  plant,  as  discussed  in  Chapter  IX.  The  recommended  plan  for 
the  entire  study  area  is  indicated  on  Tig.  X-l,  appended  to  this  volume.  The 
recommended  regional  system  presented  herein  would  collect  about  92  percent  of  the 
sewage  in  the  study  area  by  1990,  in  six  joint  plants  which  will  permit  phasing  out  of  16 
existing  local  plants.  The  recommended  regional  system  will  involve  the  construction 
of  24  pumping  stations  and  351  miles  of  gravity  and  pressure  interceptors. 

Outlying  communities  will  continue  to  be  served  by  separate  plants  79  of  which  arc- 
now  in  existence,  and  25  new  plants  will  have  to  be  constructed.  It  is  within  the  scope 
of  this  report  to  decide  only  whether  a given  sewage  treatment  plant  should  be 
retained  as  a separate  plant,  or  whether  it  should  be  relieved  by  the  regional  system 
and  phased  out.  For  each  major  watershed  of  the  study  area  the  plants  that  are  to  be 
retained,  expanded,  or  constructed  as  separate  plants  have  been  tabulated  in  Chapter 
IX.  and  are  listed  later  in  this  chapter  as  each  major  watershed  is  discussed.  (These 
separate  plants,  lying  outside  the  approximate  limit  of  the  area  to  be  served  by  joint 
systems,  are  not  shown  on  Fig.  X-l.)  Projected  populations  served  by  the  proposed 
separate  plants  are  listed  in  Table  V-3;  tributary  flows  and  loads,  including  those  from 
the  six  industries  described  in  Chapter  IN  and  Appendix  C.  are  listed  in  Table  Y-6. 
Construction  costs  and  annual  operation  and  maintenance  costs  may  be  estimated 
from  curves  presented  in  Fig.  \ 1 1 — 1 . 

In  this  report,  the  terms  "force  main"  and  "pressure  interceptor"  are  equivalent.  The 
interceptors  recommended  do  not  include  local  collection  systems,  street  laterals,  or 
suhmain  sewers,  but  constitute  only  links  between  potential  and/or  actual  sewage 
treatment  plant  sites,  as  discussed  in  Chapter  IX. 

STAGING  OF  CONSTRICTION 

In  general,  staging  of  construction  of  the  recommended  sewerage  facilities  is  based 
upon  bringing  a maximum  quantity  of  sewage  to  the  proposed  joint  plants  at  a 
minimum  initial  cost.  This  means  that  the  fac  ilities  most  urgentlv  required  as  parts  of 
the  recommended  systems  are  the  consolidated  or  joint  treatment  plants  and  the 
conveyance  facilities  needed  to  bring  a significant  portion  of  the  sewage  to  the  plants. 
These  facilities  are  included  in  the  initial  construction  program.  In  order  to  achieve 
water  quality  objectives  within  a reasonable  time  span,  it  is  further  considered  that 
tertiary  treatment  will  he  provided  at  all  plants  by  the  year  199ft.  As  stated  in  Chapter 
\ I.  needed  treatment  plant  capacity  in  a given  year  is  based  on  the  estimated  average 
flow  to  the  plant  in  that  year.  Needed  gravity  interceptor  capacity  is  based  on  peak 
flow  plus  a per  capita  allowance  for  infiltration.  Projected  populations  served  by 
existing  plants  in  the  years  1970.  1975. 1980.1990.  2000.  and  2020  are  derived  from  Table 
V -3;  flows  and  loads  to  the  plants  projected  for  the  same  years  are  derived  from  Table 
N -6.  I he  needed  rapacity  of  any  existing  facility  may,  therefore,  he  computed  for 
those  years,  and  by  interpolation  it  may  be  determined  when  the  existing  or  expanded 
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capacity  of  the  facility  is  expected  to  be  exceeded.  As  stated  in  Chapter  \ I.  parts  of  the 
regional  collection  system  that  are  needed  to  relieve  overloaded  facilities  before  1975 
are  scheduled  for  the  Initial  Stage  of  construction.  Portions  needed  not  before  1975 
but  before  1990  are  scheduled  for  Future  Stage  1,  and  portions  needed  not  before  1990 
but  before  2020  are  scheduled  for  Future  Stage  2.  Construction  costs  for  new  facilities 
are  derived  using  the  generalized  cost  curves  presented  on  Fig.  \ 1 1 — 1 . As  stated 
therein,  the  cost  estimates  include  a 25  percent  allowance  for  engineering, 
administration  and  legal  services  during  design  and  construction  phases.  The  costs  in 
this  report  have  been  adjusted  to  an  estimated  Engineering  News-Record  (ENR) 
Construction  Cost  Index  of  1100  for  the  Dallas  area.  Annual  operation  and 
maintenance  costs  of  a treatment  plant  or  interceptors,  also  estimated  using  curves 
presented  on  Fig.  V 1 1 — 1 , are  based  on  the  average  daily  flow  through  the  facility 
during  the  designated  period. 

As  stated  in  Chapter  VI  and  in  Chapter  IX,  the  design  year  for  all  proposed  sewage 
treatment  plants  and  pumping  stations  is  1990.  Thus,  construction  for  recommended 
plants  and  pumping  stations  is  scheduled  for  the  Initial  Stage  or  Future  Stage  1 
Programs.  Subsequent  expansion  for  2020  design  flows  is  scheduled  for  Future  Stage  2. 
On  the  other  hand,  gravity  and  pressure  interceptors  are  designed  initially  for  2020 
flows,  as  explained  in  Chapter  VI. 

Specific  watershed  recommendations  presented  in  this  report  are  not  considered  to  be 
absolute  because  of  the  generalized  nature  of  the  studies.  The  recommendations  are. 
however,  meant  to  be  utilized  as  a basis  of  comparison  with  other  possible  alternative 
systems  on  a watershed  basis.  Detailed  studies  for  specific  localities  and  projects  may 
indicate  that  size,  location,  and  staging  of  facilities  should  depart  from  the 
recommendations  herein. 

LOW  FLOW  AUGMENTATION  ESTIMATES 

During  the  dry  weather,  the  flow  in  the  Trinity  River  and  its  tributaries  is  composed 
principally  of  sewage  treatment  plant  effluent;  hence,  the  degree  to  which  sewage  is 
treated  has  a direct  relationship  to  water  quality  in  the  river.  'X  ater  quality 
requirements  for  the  Trinity  River  and  its  principal  tributaries  have  been  developed 
bv  the  Texas  Water  Quality  Board  (TWQB)  as  stated  in  Chapter  III  and  presented  in 
Appendix  A.  One  of  the  more  significant  water  quality  parameters  is  the  dissolved 
oxygen  (D.O.)  concentrations.  For  the  Trinity  River,  from  the  tidal  estuary  to  Rosser 
and  upstream  to  the  West  Fork  headwater,  for  the  Film  Fork,  and  for  the  Flast  Fork, 
the  TWQB  requires  that  the  D.O.  level  be  not  less  than  4.0  mg/I. 

An  alternative  to  adequate  sewage  treatment  considered  acceptable  in  some  locations 
has  been  the  provision  of  pollutant-free  dilution  water  to  keep  D.O.  concentrations 
above  minimum  levels.  Such  dilution  water,  needed  especially  at  times  of  low  flow,  is 
called  “low-flow  augmentation.” 

Organic  and  chemical  pollutants  in  the  river  tend  to  deplete  a stream's  supply  of 
dissolved  oxygen;  atmospheric  oxygen  diffuses  into  water  through  the  surface  to 
replenish  the  supply.  To  ensure  that  a required  concentration  of  D.O.  is  maintained  in 
the  stream,  it  is  necessary  not  only  to  provide  sufficient  D.O.  in  the  stream  at  a given 
point  of  measurement,  but  also  to  limit  the  biochemical  oxygen  demand  (BOD)  of  the 
pollutants  to  a sufficiently  low  level  that  oxygen  will  not  be  depleted  so  much  faster 
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than  it  is  replaced  by  reaeration  that  the  D.O.  concentration  “sags"  below  the  required 
level. 

The  analysis  used  to  estimate  the  low  flow  augmentation  required,  presented  in  detail 
in  Appendix  G,  is  based  on  the  Streeter-Phelps  analysis  of  stream  deaeration  and 
reaeration,  and  takes  into  account  carbonaceous  BOD  only.  It  does  not  recognize  the 
effects  of  either  nitrogen  or  phosphorus  on  the  receiving  water. 

As  explained  in  Appendix  G.a  representative  water  temperature  for  hot-weather,  low- 
flow  conditions  in  the  study  area  is  about  30°C.  At  this  temperature,  the  saturation 
concentration  of  dissolved  oxygen  in  water  at  Standard  Pressure  is  7.4  mg/1,  and  the 
deaeration  rate  k[.  is  estimated  to  be  0.36  per  day.  The  ratio  k2/kj  of  the  rate  of 
reaeration  to  the  rate  of  deaeration  is  estimated  to  be  2.  The  ratio  of  the  concentration 
L of  ultimate  BOD  to  the  concentration  B of  5-day  20°C  BOD  is  1.46.  The  required 
augmentation  flow  0a  is  expressed  in  terms  of  the  discharge,  carbonaceous  BOD 
concentration,  and  D.O.  concentration  of  the  treated  sewage  effluent  and  of  the 
natural  river  flow,  and  in  terms  of  the  BOD  and  D.O.  concentrations  of  the 
augmentation  water,  as  well  as  of  the  ratio  k2/kj,  and  of  the  saturation  of  D.  O.  at 
30°  C. 

In  application  of  the  analysis,  it  is  further  assumed  that: 

1.  At  a sewage  treatment  plant,  augmentation  water  is  available  in  any 
desired  quantity  (without  consideration  of  physical  or  economic 
limitations). 

2.  The  augmentation  water  is  saturated  with  dissolved  oxygen 
(whereas,  in  fact,  water  from  a reservoir  may  not  be  saturated  with 
oxygen). 

3.  There  is  no  BOD  in  the  augmentation  water  (whereas,  in  fact,  water 
from  a reservoir  may  have  some  BOD). 

4.  Advanced  wastewater  treatment  plants  with  effluent  aerators  can 
provide  a D.O.  concentration  of  4 mg/1  in  the  effluent.  Secondary 
plants  (without  such  aerators)  may  yield  effluents  with  D.  O. 
concentrations  of  about  2 mg/1. 

5.  BOD  and  D.O.  levels  are  controlled  so  that,  according  to  the 
Streeter-Phelps  analysis,  the  dissolved  oxygen  level  will  not  “sag"  below 
the  statutory  minimum  concentration  of  4.0  mg/1.  That  is,  when  the  D. 

O.  equals  4.0  mg/I,  the  BOD  concentration  is  that  which  will  cause  the 
rate  of  reaeration  to  he  just  equal  to  the  rate  of  deaeration.  According 
to  the  Streeter-Phelps  analysis,  this  concentration  is  4.7  mg/1  for  5-day 
20°  C BOD  for  the  conditions  assumed. 

6.  In  a river  just  upstream  of  a sewage  treatment  plant  outfall,  the 
concentrations  of  D.O.  and  BOD  are  at  the  critical  values  of  4.0  mg/1 
and  4.7  mg/1,  respectively. 
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The  augmentation  flows  required  for  the  six  proposed  joint  plants,  as  determined  by 
this  analvsis.  are  presented  in  Table  X-l  for  secondary  and  for  advanced  treatment 
plant  effluent.  The  minimum  degree  of  treatment  now  required  by  the  Texas  Vtater 
(^ualitv  Board  (TWQB)  is  secondary  treatment,  which  may  be  considered  to  remove 
about  90  percent  of  the  carbonaceous  BOD  and  roughly  30  percent  of  the  nitrogenous 
BOD  and  to  release  an  effluent  with  a D.  O.  concentration  of  about  2 mg/1.  The 
analysis  presented  in  Appendix  G indicates  that  when  secondary  treatment  is 
provided,  the  augmentation  flow  required  to  maintain  a minimum  D.  O. 
concentration  of  4.0  mg/1  is  approximately  twice  the  rate  of  effluent  discharge, 
assuming  that  the  water  available  for  augmentation  is  totally  free  of  BOD  and 
saturated  w ith  D.  O.  as  shown  in  Table  X-l. 

In  general,  water  available  for  dilution  w ill  not  be  entirely  free  of  BOD  and  w ill  not  be 
saturated  with  oxygen.  As  noted  in  Appendix  G.  a greater  quantity  of  augmentation 
flow  will  be  required  if  it  contains  BOD  and/or  an  oxygen  deficit. 

The  process  In  which  nitrogenous  BOD  is  exerted  has  not  been  satisfactorily 
formulated  mathematically,  but  dilution  water  requirements  will  increase  generally 
in  proportion  to  the  concentration  of  nitrogenous  BOD  in  the  effluent.  The  total 
nitrogenous  BOD  in  raw  sewage  is  of  roughly  the  same  magnitude  as  the  ultimate 
carbonaceous  BOD.  Secondary  treatment  may  be  assumed  to  remove  about  30  percent 
of  the  nitrogenous  BOD.  and  advanced  or  tertiary  treatment  may  reduce  nitrogenous 
BOD  to  a concentration  of  about  6 mg/1.  The  quantities  of  augmentation  flow  needed 
to  maintain  the  required  D.  O.  level  will  actually  be  greater  than  the  quantities 
estimated,  because  of  the  imperfect  quality  of  water  available  for  augmentation  and 
due  to  the  presence  of  nitrogenous  BOD  in  the  sewage  effluent. 

\dvanced  wastewater  treatment  processes  such  as  a two  stage  activated  sludge  process, 
denitrification,  and  aeration  of  the  effluent  (shown  schematically  on  Figure  \ I - 1 ) may 
be  expected  to  remove  about  98  percent  of  the  carbonaceous  BOD.  to  reduce  total 
nitrogenous  BOD  to  about  6 mg/1  and  to  produce  an  effluent  with  a D.  O. 
concentration  of  about  4 to  3 mg  I.  The  analysis  presented  in  Appendix  G shows  that 
little  or  no  dilution  water  would  be  needed  with  such  effluents. 

It  should  be  kept  in  mind  that  the  estimates  of  low  flow  augmentation  requirements 
are  approximate  only,  because  of  the  imprecise  and  incomplete  nature  of  the 
deaeration-reaeration  analysis.  Yet  the  degree  of  accuracy  provided  is  sufficient  to 
indicate  that  to  provide  dilution  water  for  adequate  low  flow  augmentation  for 
secondary  sewage  treatment,  the  water  demands  for  the  North  Central  Texas  region 
would  be  roughly  tripled,  since  the  required  augmentation  flow  is  estimated  to  be 
about  twice  the  discharge  of  plant  effluent  to  the  streams.  Appropriate  advanced 
treatment,  on  the  other  hand,  not  only  would  eliminate  the  need  for  low  flow 
augmentation  hut  in  addition  would  provide  a much  greater  degree  of  nitrogen  and 
phosphate  removal  than  secondary  treatment. 
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TABLE  X-l.  ESTIMATED  LOW  FLOW  AUGMENTATION  REQUIREMENTS 


RECOMMENDED  SEWERAGE  SYSTEMS 


GENERAL 

The  recommended  sewerage  system  for  each  major  watershed  is  discussed  below.  The 
projected  population  served  by  each  proposed  joint  plant,  the  projected  flows  and 
loads  to  each  joint  plant,  the  extent  of  the  system  of  interceptors,  and  the  construction 
and  operation  anti  maintenance  costs  for  each  system  are  tabulated. 

Projected  average  flows  to  the  joint  plants  for  the  years  1975,  1990,  and  2020  are  show  n. 
The  1990  average  flows  shown  in  this  Chapter  may  differ  slightly  from  those  indicated 
in  Chapter  IX  bv  an  amount  equal  to  the  1990  average  flow  from  communities  to  be 
served  by  the  system  in  2020  but  not  yet  served  in  1990.  Treatment  plant  cost  estimates 
presented  below  are  based  on  construction  of  full  advanced  wastewater  treatment 
facilities. 

The  annual  operation  and  maintenance  costs  for  full  advanced  sewage  treatment 
plants  and  pump  stations  are  based  on  the  capacity  of  each  facility,  and  reflect  the  cost 
of  running  the  whole  facility,  including  existing  components,  not  just  additions 
recommended  in  this  report.  Annual  operation  and  maintenance  costs  for  gravity  and 
pressure  interceptors  are  estimated  at  0.25  percent  of  the  construction  cost  of  new 
facilities  recommended  in  this  report. 

Costs  have  been  adjusted  to  an  estimated  Engineering  News-Record  (ENR) 
Construction  Cost  Index  of  1 100  for  the  Dallas  area.  Land  costs  are  included. 

TRINITY  RIVER  - WATERSHED  I 

The  joint  sewerage  systems  proposed  for  Watershed  1 are  shown  on  Fig.  X-2.  Projected 
populations  to  be  served  by  each  of  the  three  proposed  joint  plants,  and  projected 
flows  and  loads  to  these  plants  in  1975.  1990.  and  2020,  are  presented  in  Table  X-2. 

The  proposed  system  of  new  and  relief  interceptors,  totalling  50  miles,  is  described  in 
Table  X-3.  Staging  and  estimated  construction  costs  of  the  proposed  interceptors  are 
described  in  Table  X-4.  Construction  and  operation  and  maintenance  costs  for  each  of 
the  joint  systems  proposed  for  Watershed  1 are  summarized  in  Table  X-5. 

Dallas-White  Hock  Joint  System.  A significant  degree  of  consolidation  already  exists  in 
the  Uhite  Rock  Creek.  Fair  Park.  Coombs  Creek  areas,  and  the  areas  neighboring  the 
Dallas  Sewage  Treatment  Plant  (11-176)  and  the  Dallas-White  Rock  Sewage  Treatment 
Plant  ( 1 1-I75). 

It  is  recommended  that  these  plants,  considered  in  this  report  as  one  plant  with  a 
capacity  of  90  mgd.  be  expanded  by  1975  to  provide  advanced  treatment  to  a 1990 
capacity  of  about  1 10  mgd,  with  an  estimated  construction  cost  of  S37.320.000 
including  expansion  of  existing  secondary  facilities.  The  construction  cost  of 
subsequent  (Future  Stage  2)  expansion  to  a 2020  capacity  of  about  200  mgd  is  estimated 
to  he  S29.470.000.  While  45  acres  of  additional  site  area  are  indicated,  based  on  present 
processes  and  estimated  future  flows,  no  additional  area  is  available  at  this  site.  Actual 
site  area  requirements  are  expected  to  be  less  than  those  indicated,  as  a result  of 
anticipated  improvements  in  plant  processes. 
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EXISTING  INTERCEPTOR 
WATERSHED  BOUNDARY 


FIG.X-2  RECOMMENDED  SEWERAGE  SYSTEM 
(TRINITY  RIVER  WATERSHED  I) 


JULY,  1970 
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TABLE  X-2 . POPULATION  SERVED  BY,  FLOWS  AND  LOADS  TO,  JOINT  PLANTS 
(Trinity  River  - Watershed  1) 


YEAR  

1975  1990  2020 


Dallas  - White  Rock  Joint  Plant  (Existing  Capacity  - 90  mgd) 
(11-175) 


Population  Served 

878,100 

1,123,500 

1,311,000 

Average  Sewage  Flow  (mgd) 

95.20 

139.71 

200.00 

Average  BOD  Load  (lb /day) 

224,520 

297,090 

372,100 

Average  SS  Load  (lb/day) 

230,910 

317,180 

395,900 

Dallas-South  Side  Joint  Plant  (Existing 
(1F-146) 

Capacity  - 7.0  mgd) 

Population  Served 

238,000 

348,170 

526,100 

Average  Sewage  Flow  (mgd) 

25.73 

43.18 

80.51 

Average  BOD  Load  (lb/day) 

59,480 

90,520 

147,300 

Average  SS  Load  (lb/day) 

61,860 

97,470 

157,800 

Ten  Mile  Creek  Joint  Plant 
( ID- 161) 

(Existing  Capacity  - 7.0  mgd) 

Population  Served 

58,910 

133,100 

289,600 

Average  Sewage  Flow  (mgd) 

6.32 

16.45 

44.19 

Average  BOD  Load  (lb/day) 

14,550 

34,370 

80 , 700 

Average  SS  Load  (lb/day) 

15,180 

37,090 

86,700 

\-R 


TABLE  X-3. 


RECOMMENDED  INTERCEPTING  SEWERS 


03# 


(Trinity  River  - Watershed  1) 


Ptom 

To 

Interceptor 

Length  1 

Diameter 

Type  of 

Node 

Node 

Name 

(l.f.) 

(in) 

Interceptor 

1H-66 

1H-70 

Floyd  Branch 

15,400 

30 

Gravity 

1H-233 

1H-70 

Cottonwood  Creek  Relief 

14,600 

24-33 

Gravity 

1H-235 

1H-70 

White  Rock  Creek  Relief 

17,000 

42 

Gravity 

1H-70 

1H-236 

White  Rock  Creek  Relief 

10,600 

48 

Gravity 

1H-236 

1H-236A 

White  Rock  Creek  Relief 

33,300 

72 

Gravity 

1H-236A 

11-175 

White  Rock  Creek  Relief 

28,100 

84-96 

Gravity 

ID-145 

1F-146 

Wilmer  - South  Side 

10,000 

30 

Gravity 

3,800 

24 

Pressure 

IE-147 

IE-148 

Kleberg 

5,200 

36 

Gravity 

IE-149 

1F-146 

Balch  Springs  - South  Side 

11,700 

36-48 

Gravity 

1C-174 

ID-161 

Ten  Mile  Creek  Relief 

129,000 

30-72 

Gravity 

13,000 

30 

Pressure 

ID-163 

ID-162 

Ferris 

2,500 

24 

Gravity 

Subtotals 

Gravity  Interceptor  Length 

277 

,4001- f. 

(53  miles) 

Pressure  Interceptor  Length 

16 

4-< 

»H 

O 

O 

00 

(3  miles) 

Watershed  Total  Length 

294 

,2001. f. 

(56  miles) 

Note : 

Lengths  are  estimated  from  United  States  Geological  Survey  topographic 
maps  of  the  study  area  (Scale  1:24,000). 
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TABLE  X-4 . STAGING  AND  CONSTRUCTION  COSTS  OF 
PROPOSED  INTERCEPTING  SEWERS 


(Trinity  River  - Watershed  1) 


Initial 

Future 

Future 

From 

Node 

To 

Node 

Interceptor 

Name 

Stage 
(By  1975) 

Stage  1 
(By  1990) 

Stage  2 
(By  2020) 

1H-66 

1H-70 

Floyd  Branch 

$540,000 

1H-233 

1H-70 

Cottonwood  Creek  Relief 

480,000 

1H-235 

1H-70 

White  Rock  Creek  Relief 

810,000 

1H-70 

11-175 

White  Rock  Creek  Relief 

$7,310,000 

ID-145 

1F-146 

Wilmer  - South  Side 

710,000 

IE-147 

IE-148 

Kleberg 

220,000 

IE-149 

1F-146 

Balch  Springs  - South  Side 

1,070,000 

$820,000 

1C-174 

ID-161 

Ten  Mile  Creek  Relief 

9,440,000 

500,000 

ID-163 

ID-162 

Ferris 

80,000 

Subtotals 

$9,310,000 

$11,350,000 

$1,320,000 

Watershed  Total, All  Stages 


$21,980,000 


(1)  Costs  shown  are  for  gravity  interceptors,  pressure  interceptors, 
and  pumping  stations,  and  are  based  on  an  ENR  Construction  Cost 
Index  of  1100.  Land  costs  are  included. 
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TABLE  X-5.  SUMMARY  OF  PROJECT  CONSTRUCTION  AND 
OPERATION  AND  MAINTENANCE  COSTS 

(Trinity  River  - Watershed  1) 


Estimated  Construction  Costs^^ 


Initial 

Future 

Future 

Stage 

Stage  1 

Stage  2 

(By  1975) 

(By  1990) 

(By  2020)  Totals 

DALLAS  - WHITE  ROCK  JOINT 


TREATMENT  PLANT  (11-175) 
Treatment  Plant 

Interceptors : 

Gravity 

Pressure 

Pumping  Stations 

$37,320,000 

7,310,000 

$29,4 70,000 

$1,830,000 

$66,79 0,000 
9,140,000 

TOTAL  CONSTRUCTION  COSTS 

$44,630,000 

$1,830,000  $29,470,000 

$75,930,000 

Estimated  Annual  Operation  and  Maintenance  Costs 

First  Year 

Average 

Average 

1975 

1975-1990 

1990-2020 

White  Rock  Joint  Treatment 

Plant 

$5,730,000 

$6,970,000 

$9,380,000 

Interceptors : 

Gravity 

20,000 

20,000 

20,000 

Pressure 

- 

- 

- 

Pumping  Stations 

_ 

_ 

_ 

SUBTOTALS 

$5,750,000 

$6,990,000 

$9,400,000 

^^Based  on  an  ENR  Construction  Cost  Index  for  Dallas  of  1100. 

Land  costs  are  included. 

(2)Costs  shown  for  sewage  treatment  plants  and  pumping  stations  are  based 
on  total  average  flow.  Costs  shown  for  gravity  and  pressure  interceptors 
are  0.25  percent  of  construction  cost  shown  in  first  part  of  this  table. 


ov 


TABLE  X-5.  SUMMARY  OF  PROJECT  CONSTRUCTION  AND 
OPERATION  AND  MAINTENANCE  COSTS 
(Continued) 


(Trinity  River  - Watershed  1) 


Estimated  Construction  Costs^^ 


Initial 

Future 

Future 

Stage 

Stage  1 

Stage  2 

(By  1975) 

(By  1990) 

(By  2020) 

Totals 

DALLAS  - SOUTH  SIDE  JOINT 
TREATMENT  PLANT  (1F-146) 

Treatment  Plant 

$21,150,000 

$20,720,000 

$41,870,000 

Interceptors : 

Gravity 

1,130,000 

- 

1,130,000 

Pressure 

110,000 

- 

110,000 

Pumping  Stations 

760,000 

820,000 

1,580,000 

TOTAL  CONSTRUCTION  COSTS 

$23,150,000 

$21,540,000 

$44,690,000 

Estimated  Annual  Operation  and 
Maintenance  Costs^) 

First  Year 
1975 

Average 

1975-1990 

Average 

1990-2020 

South  Side  Joint  Treatment 

Plant  $1,880,000 

$2,410,000 

$3,970,000 

Interceptors: 

Gravity 

Nil 

Nil 

Nil 

Pressure 

Nil 

Nil 

Nil 

• 

Pumping  Stations 

20,000 

20,000 

40,000 

SUBTOTALS 

$1,900,000 

$2,430,000 

$4,010,000 

Note:  Land  costs  are  included. 
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TABLE  X-5.  SUMMARY  OF  PROJECT  CONSTRUCTION  AND 

OPERATION  AND  MAINTENANCE  COSTS 
(Continued) 

(Trinity  River  - Watershed  1) 


Estimated  Construction  Costs^^ 


TEN  MILE  CREEK  JOINT 
TREATMENT  PLANT  (ID-161) 

Initial 
Stage 
(By  1975) 

Future 
Stage  1 
(By  1990) 

Future 
Stage  2 
(By  2020) 

Treatment  Plant 
Interceptors : 

— 

$8,930,000 

$16,640,000 

Gravity 

- 

8,730,000 

- 

Pressure 

- 

460,000 

- 

Pumping  Stations 

- 

330,000 

500,000 

TOTAL  CONSTRUCTION  COSTS 

_ 

$18,450,000 

$17,140,000 

Estimated  Annual  Operati 
Maintenance  Costs ^ 


First  Year  Average 

1975  1975-1990 

Ten  Mile  Creek  Joint  Treatment  Plant  $200,000  $940,000 

Interceptors : 

Gravity  - 20,000 

Pressure  - Nil 

Pumping  Stations  - 10 , 000 

SUBTOTALS  $200,000  $970,000 


Note : 


Totals 

$25,570,000 

8,730,000 

460.000 

830.000 
$35,590,000 

n and 

Average 

1990-2020 

$2,160,000 

20,000 

Nil 

30,000 

$2,210,000 


Land  costs  are  included. 
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It  is  proposed  tliat  the  Richardson-Floyd  Branch  Sewage  Treatment  Plant  (111-66)  be 
phased  out.  and  that  the  Floyd  Branch  interceptor  be  built,  by  I960  (Future  Stage  1). 
The  Cottonwood  Creek  Interceptor  (111-233  to  1H-70)  should  be  relieved  by  I960.  It  is 
expected  that  the  White  Bock  Creek  Interceptor  will  require  relief,  portions  by  1975 
(Initial  Stage)  and  other  portions  by  1990  (Future  Stage  1).  Construction  of  23  miles  of 
new  and  relief  gravity  interceptors  in  the  initial  and  Future  Stage  I programs  is 
projected  to  cost  about  $9,140,000.  No  pumping  stations  or  force  mains  are  proposed 
for  this  area.  Major  improvements  needed  in  the  sewerage  system  are  considered  to  be 
within  the  Dallas  system. 

Dallas-South  Side  Joint  System.  There  are  at  present  plans  to  divert  flows  from  t lit* 
Five  Mile  Creek  and  Flam  Creek  areas,  now  served  hy  the  Dallas-Vk  hite  Hock  Plant  ( 1 I- 
175  and  11-176).  to  the  Dallas-South  Side  Plant  (1F-146).  These  plans  are  considered 
reasonable  and  shotdd  be  continued.  It  is  proposed  herein  to  include  flows  from 
Hutchins  in  the  Five  Mile  Creek  interceptor  to  the  South  Side  plant  (not  shown  on 
Fig.  X-l  or  Fig.  \-2).  so  that  the  Hutchins  Sewage  treatment  plant  ( 1(4-1 43 ) may  he 
phased  out  as  soon  as  that  interceptor  is  completed.  It  is  further  proposed  that  new 
interceptors  from  \\  i Inter  (ID-145).  Kleberg  (IE-147),  and  Batch  Springs  (IE-149)  to 
the  South  Side  plant  be  built  by  1975  (Initial  Stage)  permitting  the  phasing  out  of 
sewage  treatment  plants  serving  those  three  communities.  The  'X  i Inter  and  Kleberg 
plants  are  judged  to  be  inadequate,  as  show  it  in  Table  \ I II-l . 

Initial  Stage  construction  of  the  South  Side  plant  to  a 1990  capacity  of  about  43  ntgd  is 
estimated  to  cost  about  $21,150,000  and  subsequent  Future  Stage  2 expansion  to  the 
2020  capacity  of  about  80  ntgd  is  estimated  to  cost  approximately  S20.720.000.  The 
existing  lagoons  are  not  considered  in  these  estimates  but  could  be  utilized  for 
effluent  polishing  or  storm  water  detention.  Adequate  land  has  been  acquired  by  the 
City  of  Dallas  for  all  anticipated  future  requirements. 

Construction  of  about  five  miles  of  proposed  grav  ity  interceptors.  3.800  l.f.  of  pressure 
interceptors,  and  two  pumping  stations  is  estimated  to  cost  about  S2. 000.000. 
Expansion  ol  the  pumping  stations  after  1990  to  2020  capaeitv  is  estimated  to  cost 
8820.000. 

Ten  Mile  ('reek  Joint  System.  No  extension  of  the  existing  TRA  Ten  Mile  Creek 
interceptor  beyond  its  present  service  area  is  recommended.  It  is  anticipated, 
however,  that  the  interceptor  serving  Ferris,  Lancaster,  DeSoto.  Woodland  Hills, 
Duncanville,  and  Cedar  Hill  will  need  to  be  relieved  by  a parallel  interceptor  by  1990 
(Future  Stage  1).  The  7 ntgd  TRA  Ten  Mile  Creek  Sewage  Treatment  Plant  (ID-161) 
now  under  const  ruction  will  require  expansion  hv  that  time. 

Construction  of  about  25  miles  of  relief  gravity  interceptor.  13.000  l.f.  of  pressure 
interceptor,  and  expansion  of  one  pumping  station,  scheduled  for  Future  Stage  1,  is 
estimated  to  cost  approximated  $9,520,000  and  subsequent  (Future  Stage  2)  expansion 
of  the  pumping  station  isestomated  to  cost  $500,000.  Expansion  of  the  Ten  Mile  Creek 
Sewage  Treatment  Plant  including  provision  of  advanced  treatment  with  a 1990 
capaeitv  of  about  16.5  mgd  is  estimated  to  cost  $8,930,000.  Subsequent  (Future  Stage  2) 
expansion  to  a 2020  capacity  of  about  44  mgd  is  estimated  to  cost  $16,640,000.  An 
additional  30  acres  of  land  at  the  treatment  site  is  considered  desirable  based  on 
present  process  requirements  and  estimated  future  flows,  and  consideration  should  he 
given  to  its  acquisition. 
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Southeast  Area.  It  is  recommended  that  existing  sewage  treatment  plants  in  the 
relatively  isolated  communities  of  Kerens,  Sonoma,  and  Palmer  he  retained  and 
expanded  as  necessary,  and  that  separate  plants  to  serve  Lower,  Middle,  and  l pper 
Red  Oak  Creek  he  huilt  as  needed.  Advanced  treatment  should  he  provided  where 
feasible  to  avoid  pollution  of  local  streams  and  of  the  Trinity  River.  I he  estimated 
construction  costs  for  plants  in  the  Southeast  Area  are  summarized  in  Table  X-19. 
presented  hereinafter. 

CEDAR  CREEK  - WATERSHED  2 

It  is  recommended  that  the  10  local  treatment  plants  serving  Mahank.  Malakoff. 
Athens.  Trinidad.  Wills  Point.  Terrell.  Kaufman  and  Kemp  be  retained  and  expanded 
as  necessary.  It  is  further  recommended  that  advanced  treatment  be  provided,  where 
feasible,  to  all  wastewater  before  discharge  to  the  watershed  of  the  Cedar  Creek 
Reservoir  and  to  the  reservoir  itself  to  avoid  pollution  and  to  retard  eutrophication  of 
that  lake.  Staging  of  expansion  of  these  treatment  plants  is  shown  in  I able  X-19. 
presented  hereinafter. 

DUCK  CREEK  JOINT  SYSTEM 

The  joint  sewerage  system  proposed  for  the  East  Fork  of  the  Trinity  River  - 
Watershed  3 is  shown  on  Figs.  X-l  ami  X-3.  Projected  populations  to  he  served  by  the 
Duck  Creek  Joint  Plant,  and  projected  flows  and  loads  to  this  plant  in  1975.  1990  and 
2020  are  presented  in  Table  X-6.  The  required  new  and  relief  interceptors,  totalling  92 
miles,  are  listed  in  Table  X-7.  Staging  and  estimated  construction  costs  of  the 
proposed  interceptors  are  described  in  Table  X-8.  Construction  and  operation  and 
maintenance  costs  for  the  joint  system  are  summarized  in  Table  X-9. 

It  is  proposed  that  separate  treatment  plants  continue  to  serve  areas  north  of 
McKinney  and  south  of  Seagoville.  as  shown  on  Fig.  X-l  appended  to  this  volume,  and 
on  Fig.  X-3.  Existing  separate  plants  at  Van  Alstyne,  Anna,  Princeton.  Tom  Bean.  Blue 
Ridge.  Trenton,  Leonard.  Farmersville,  Forney,  and  Crandall  should  he  retained,  and 
in  most  cases  expanded  to  accept  greater  flows  and  to  provide  adequate  advanced 
treatment.  Existing  treatment  plants  at  McKinney  (north  and  south),  Rockwall. 
Garland  (Rowlett  Creek).  Allen.  Plano.  Mesquite,  Wylie,  and  Seagoville  should  be 
phased  out  as  the  joint  system  is  built.  Sewage  from  McKinney.  Plano.  Garland. 
Rockwall.  Health.  Mesquite,  and  Seagoville  will  be  treated  at  a proposed  joint  plant  at 
the  site  of  tin-  present  Garland-Duck  Creek  Sewage  Treatment  Plant. 

Inital  Stage.  It  is  proposed  that  the  existing  Duck  Creek  Sewage  Treatment  Plant  (3D- 
2.3)  be  expanded  by  1975  (Initial  Stage)  to  provide  advanced  treatment  with  a 1990 
capacity  of  about  91  mgd.  at  an  estimated  construction  cost  of  about  $37,930,000. 
Subsequent  (Future  Stage  2)  expansion  to  a 2020  capacity  of  about  155  mgd  is 
estimated  to  cost  about  $30,630,000. 

It  is  proposed  in  the  Initial  Stage  of  Construction  that  The  Rowlett  Creek  Interceptor 
be  built,  from  Plano  (3D-26).  via  Richardson  (3E-31),  Garland  (3E-33),  the  Garland- 
Rowlett  Sewage  Treatment  Plant  (3E-40),  and  Rose  Hill  to  the  intersection  with  the 
Duck  Creek  Interceptor  (3D-45).  The  81.900  l.f.  of  gravity  interceptors,  3.600  l.f.  of 
pressure  interceptors,  and  two  pumping  stations  are  estimated  to  cost  about 
$13,930,000.  Subsequent  (Future  Stage  2)  expansion  of  the  two  pumping  stations  is 
estimated  to  cost  about  $2,700,  000.  The  Sachse  interceptor  from  Sachse  (3E-35)  to 
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TABLE  X-6  POPULATION  SERVED  BY,  FLOWS  AND  LOADS  TO,  JOINT  PLANT 
(Duck  Creek  Joint  System) 

YEAR 


19  75 


1990 


Duck  Creek  Joint  Plant  (Existing  Capacity  - 10.0  mgd) 
(3D-23) 


2020 


Population  Served 

274,160 

773,800 

1,075,000 

Average  Sewage  Flow  (mgd) 

28.83 

91.23 

154.70 

Average  BOD  Load  (lb /day) 

64,110 

175,630 

251,600 

Average  SS  Load  (lb /day) 

68,440 

197,740 

281,100 

TABLE  X- 7.  RECOMMENDED  INTERCEPTING  SEWERS 


r 


0¥* 

(Duck  Creek  Joint  System) 


From 

To 

Interceptor 

Length 

Diameter 

Type  of 

Node 

Node 

Name 

(l.f.) 

(in) 

Interceptor 

3H-3 

3H-24 

McKinney 

14,400 

24 

Gravi ty 

11,500 

12 

Pressure 

3H-24 

3E-25 

McKinney  - Allen 

3,000 

30 

Gravity 

30,000 

36 

Pressure 

3E-25 

3E-29 

Allen-Plano  Relief 

36,400 

42 

Gravity 

3E-26 

3E-29 

Rowlett-Plano 

5,400 

42 

Gravity 

3E-29 

3E-36 

Rowlett  - Murphy 

31,400 

72-90 

Gravity 

3G-34 

3E-36 

Wylie  - Sachse 

9 ,200 

24-30 

Gravi ty 

15,600 

24 

Press  ure 

3E-36 

3E-40 

Rowlett  - Garland 

15,400 

96 

Gravi ty 

3,600 

66 

Pressure 

3E-40 

3D-45 

Rowlett  - Rose  Hill 

29 , 700 

66 

Pressure 

1H-64 

3F-69 

Renner  Road 

19,600 

30-36 

Gravity 

15,200 

36 

Pressure 

3F-69 

3F-65 

Spring  Creek 

13,400 

48-60 

Gravity 

3F-65 

3D-6  7 

Jupiter  Road  Relief 

5,800 

42-48 

Gravi ty 

5,400 

48 

Pressure 

3D-6  7 

3D- 4 5 

Duck  Creek  Relief 

58,600 

54-72 

Gravity 

3D-45 

3D- 2 3 

Duck  Creek  Relief 

22,000 

102 

Gravity 

3B-16 

3B-20 

Lake  Ray  Hubbard 

59,900 

30 

Pressure 

East  Shore 

3B-20 

3D- 2 3 

Lake  Ray  Hubbard 

12,600 

36-42 

Gravi ty 

East  Shore 

9,000 

30 

Pressure 

3A-58 

3C-54 

East  Fork  - Mesquite 

13,000 

36-42 

Gravity 

8,400 

36 

Pressure 

X-18 


TABLE  X-7.  RECOMMENDED  INTERCEPTING  SEWERS 


(Duck  Creek  Joint  System) 


(Continued) 


To  Interceptor 

Node  Name 


Length  Diameter  Type  of 

(1 . f . ) (in)  Interceptor 


3C-54  3D-23  East  Fork  - Mesquite  36,000 


Pressure 


Subtotals : 


Gravity  Interceptor  Length: 


260,200  l.f.  (49  miles) 


Pressure  Interceptor  Length: 


224,300  l.f.  (43  miles) 


Total  Length: 


484,500  l.f.  (92  miles) 


Lengths  are  estimated  from  United  States  Geological  Survey 
topographic  maps  of  the  study  area  (Scale  1:24,000). 
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TABLE  X-8 . STAGING  AND  CONSTRUCTION  COSTS  OF 
PROPOSED  INTERCEPTING  SEWERS(l) 


W 


(Duck  Creek  Joint  System) 


From 

Node 

To 

Node 

Interceptor 

Name 

Initial 
(By  1975) 

Future 
Stage  1 
(By  1990) 

Future 
Stage  2 
(By  2020) 

3H-3 

3H-24 

McKinney 

$720,000 

3H-24 

3E-25 

McKinney  - Allen 

1,900,000 

$560,000 

3E-25 

3E-29 

Allen  - Plano 
Relief 

1,780,000 

3E-26 

3E-29 

Rowlett  - Plano 

$260,000 

3E-29 

3E-36 

Rowlett  - Murphy 

3,510,000 

3G-34 

3E-35 

Wylie 

910,000 

3E-35 

3E-  36 

Sachse 

170,000 

3E-36 

3E-40 

Rowlett  - Garland 

4,470,000 

1,290,000 

3E-40 

3D-45 

Rowlett  - Rose  Hill 

5,690,000 

1,410,000 

1H-64 

3F-69 

Renner  Road 

1,940,000 

360,000 

3F-69 

3F-65 

Spring  Creek 

850,000 

3F-65 

3D-6  7 

Jupiter  Road 
Relief 

1,780,000 

490,000 

3D-67 

3D- 4 5 

Duck  Creek  Relief 

4,210,000 

3D-45 

3D- 2 3 

Duck  Creek  Relief 

3,970,000 

3B-16 

3B-20 

Lake  Ray  Hubbard 
East  Shore 

2,510,000 

290,000 

3B-20 

3D- 2 3 

Lake  Ray  Hubbard 

1,350,000 

360,000 

East  Shore 


^^Costs  shown  are  for  gravity  interceptors,  pressure  interceptors, 
and  pumping  stations  and  are  based  on  an  ENR  Construction  Cost 
Index  of  1100.  Land  costs  are  included. 
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TABLE  X-8 . STAGING  AND  CONSTRUCTION  COSTS  OF 
PROPOSED  INTERCEPTING  SEWERS (D 

(Duck  Creek  Joint  System) 
(Continued) 


From 

Node 

To 

Node 

Interceptor 

Name 

Initial 
(By  1975) 

Future 
Stage  1 
(By  1990) 

Future 
Stage  2 
(By  2020) 

3A-58 

3C-54 

East  Fork-Seagoville 

$1,370,000 

3C-54 

3D-23 

East  Fork-Mesquite 

4,590,000 

$1,770,000 

Subtotals 

$36,670,000 

$4,400,000 

$7,440,000 

TOTAL 

$48,510,000 

TABLE  X- 9.  SUMMARY  OF  PROJECT  CONSTRUCTION  AND 


©¥> 


OPERATION  AND  MAINTENANCE  COSTS 


(Duck  Creek  Joint  System) 


ESTIMATED  CONSTRUCTION  COSTS^1) 


ITEM 

INITIAL 
STAGE 
(By  1975) 

FUTURE 
STAGE  1 
(By  1990) 

FUTURE 
STAGE  2 
(By  2020) 

TOTALS 

Duck  Creek  Joint 
Treatment  Plant 

$37,930,000 

$30,630,000 

$68,560,000 

Interceptors : 
Gravity 

17,430,000 

$2,320,000 

130,000 

19,880,000 

Pressure 

11,460,000 

1,460,000 

450,000 

13,370,000 

Pumping  Stations 

$ 7,780,000 

$ 620,000 

$ 6,860,000 

15,260,0 00 

TOTAL  CONSTRUCTION 
COSTS 

$74,600,000 

$4,400,000 

$38,070,000 

$117,070,000 

ESTIMATED  ANNUAL  OPERATION  AND  MAINTENANCE  COSTS 
First  Year  Average  Average 

(1975)  1975-1990  1990-2020 

Duck  Creek  Joint  $2,070,000  $3,870,000  $7,120,000 

Treatment  Plant 

Interceptors: 

Gravity  $ 40,000  $ 50,000  $ 50,000 


Pressure  $ 30,000  $ 30,000  $ 30,000 
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Rowlett  Creek,  5.100  I.  f.  of  gravity  interceptor,  is  estimated  to  cost  about  SI 70,000. 
The  existing  Duck  Creek  Interceptor  (3D-23  upstream  to  3D-67)  and  Jupiter  Road 
Interceptor  (3D-67  upstream  to  3F-65)  should  he  paralleled  and  extended  up  Spring 
Creek  to  Plano  (3F-69),  thence  west  parallel  to  R tinner  Road  to  the  White  Rock  Creek 
section  of  Plano  (IH-64).  The  cost  of  119.400  l.f.  of  gravity  interceptors,  20.600  l.f.  of 
pressure  interceptors,  and  two  pump  stations  is  estimated  to  he  about  $12,750,000. 
Subsequent  (Future  Stage  2)  expansion  of  the  two  pumping  stations  is  estimated  to 
cost  about  $850,000. 

The  Lake  Ray  Huhhard  Fast  Shore  Interceptor,  to  extend  from  the  Duck  Creek 
Sewage  Treatment  Plant  upstream  to  Heath  (3B-20)  and  Rockwall  (3B-16),  is  to 
comprise  12.600  l.f.  of  gravity  interceptor,  68.900  l.f.  of  pressure  interceptor,  and  two 
pumping  stations,  all  estimated  to  cost  about  $3,860,000.  Subsequent  (Future  Stage  2) 
expansion  of  the  two  pumping  stations  is  estimated  to  cost  about  $650,000. 

The  Fast  Fork  Interceptor  from  Seagoville  (3A-58)  to  Mesquite  (.3(7-54 ).  thence  north 
to  the  Duc  k Creek  Joint  Plant  (3D-23),  comprising  13,000  l.f.  of  gravity  interceptors. 
44,400  l.t.  of  pressure  interceptors,  and  three  pumping  stations,  is  estimated  to  cost 
$5,960,000.  Subsequent  (Future  Stage  2)  expansion  of  the  three  pumping  stations  is 
estimated  to  cost  $1,770,000. 

The  proposed  Initial  Stage  Program  would  permit  early  phasing  out  of  plants  at 
Plano.  Garland-Rowlett  Creek.  Rockwall,  and  Seagoville,  all  judged  inadequate  in 
Table  \ 1 1 1 — 1 . Coupled  with  local  sewerage  construction  programs,  construction  of  the 
Sachse  and  Lake  Ray  Huhhard  Fast  Shore  Interceptors  in  the  Initial  Stage  Program 
would  permit  early  elimination  of  septic  tank  concentrations  in  Sachse  and  in 
waterfront  ureas  near  Heath,  respectively. 

huture  Stage  I . It  is  proposed  that  the  existing  interceptor  bringing  flows  to  Plano  (3E- 
29)  from  Allen  (3F-25)  he  paralleled  and  extended  north  to  McKinney  (311-24  and  3H-3) 
by  1990.  The  estimated  cost  of  53.800  l.f.  of  gravity  interceptors.  41.500  l.f.  of  pressure 
interceptors,  and  two  pumping  stations  is  about  $4,400,000.  The  proposed  pumping 
station  near  the-  site  of  the  existing  McKinney  North  Sewage  Treatment  Plant  is  not 
expected  to  need  expansion  after  1990.  inasmuch  as  there  is  no  projected  populated 
increase  for  node  3H-3.  However,  Future  Stage  2 expansion  of  the  pumping  station 
near  the  site  of  the  existing  McKinney  South  Sewage  Treatment  Plant  (311-24)  is 
estimated  to  cost  about  $560,000. 

Table  VIII-1  indicates  that  the  two  McKinney  treatment  plants  were  considered 
harelv  adequate  or  slightly  inadequate  in  1968.  Therefore,  it  is  recommended  that 
construction  of  the  Plano- Mien  McKinney  interceptor  he  scheduled  for  shortly  after 
1975.  for  the  existing  plants  are  not  expected  to  perform  adequately  for  long  after  that 
date. 

Future  Stage  2.  The  capacity  of  the  existing  \\  vlie  Sewage  Treatment  Plant  w ill  not  he 
exceeded  by  projected  flows  until  nearly  1990.  It  is  therefore  proposed  that  the  Wylie 
Interceptor,  from  Wvlie  (3G-34)  to  Sachse  (3E-35).  he  built  shortly  after  1990.  The 
estimated  cost  of  1.100  l.f.  of  gravity  interceptor,  15.600  l.f.  of  gravity  interceptor, 
1 5.600  l.f.  of  pressure  interceptor,  and  one  pumping  station  is  about  $910,000. 
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TRA  CENTRAL  JOINT  SY  STEM 

The  joint  sewerage  system  proposed  for  the  Elm  Fork  ami  Lower  West  Fork  of  the 
Trinity  River  is  shown  on  Figs.  X-l  and  X-4.  Projected  populations  to  be  served  by  the 
TRA  Central  Sewage  Treatment  Plant,  and  projected  flows  and  loads  to  this  plant  in 
1975.  1990.  and  2020,  are  presented  in  Table  X-10.  The  proposed  system  of  new  and 
relief  interceptors,  totaling  111  miles,  is  described  in  Table  X-ll.  Staging  and 
estimated  construction  costs  of  the  proposed  interceptors  is  described  in  Table  X-12. 
Construction  and  operation  and  maintenance  costs  for  the  joint  system  are 
summarized  in  Table  X-13. 

Separate  treatment  plants  will  continue  to  serve  areas  north  of  Lewisville  and  south  of 
the  proposed  Lakeview  Reservoir.  The  communities  of  Aubrey,  Celina,  Collinsville, 
Denton,  Frisco,  Gainesville,  Gunter,  Justin,  Krurn,  Lake  Dallas,  Lindsay,  Mansfield. 
Midlothian,  Muenster,  Pilot  Point,  Prosper,  Roanoke,  Sanger,  Tioga,  and  Venus 
should  retain  and  expand  existing  sewage  treatment  plants  to  provide  at  least 
secondary  treatment  initially,  and  advanced  treatment  by  1990.  New  separate 
treatment  plants  providing  advanced  treatment  where  feasible  should  be  built  in 
Argyle.  Bolivar,  Camp  Copass,  Leo,  Myra,  Rosston,  Shady  Shores,  Valley  View,  and  in 
future  development  around  Grapevine  Reservoir  and  south  and  east  of  the  proposed 
Lakeview  Reservoir. 

Initial  Stapi*.  It  is  proposed  that  the  existing  TRA  Central  Sewage  Treatment  Plant 
(4A-166)  be  expanded  bv  1975  (Initial  Stage)  to  provide  tertiary  treatment  with  a 1990 
capacity  of  about  112  mgd,  at  an  estimated  construction  cost  of  S40.480.000. 
Subsequent  (Future  Stage  2)  expansion  to  a 2020  capacity  of  about  250  mgd  is 
estimated  to  cost  S56.070.000. 

It  is  proposed  in  the  Initial  Stage  of  construction  that  the  West  Fork  Interceptor  be 
paralleled  over  its  present  length  from  Mountain  Creek  (5C-22)  to  Grand  Prairie  (SC- 
65).  thence  extended  upstream  past  Arlington  to  the  site  of  the  Euless  West  Plant  (5F- 
184).  The  cost  of  74,800  l.f.  of  gravity  relief  interceptor,  sized  for  2020  flows,  is 
estimated  to  cost  about  S 1 3.290.000.  No  pumping  stations  or  force  mains  are  proposed 
for  the  VI  est  Fork  Interceptor. 

Initial  Stage  extension  and  relief  of  this  interceptor  will  permit  early  phasing  out  of 
the  l ilies.  West  and  East  treatment  plants,  and  of  the  Arlington  plant  which  are 
expected  to  be  inadequate  In  1975. 

It  i'  proposed  that  the  Mountain  Creek  Interceptor  from  the  TRA  plant  to  Mountain 
( reek  Lake  he  relieved  and  extended  south  to  node  5C-208,  thence  west  to  node  5C- 
152.  near  Florence  Hill,  as  shown  on  Fig.  X-4.  Construction  of  the  44.000  l.f.  of  gravity 
interceptor.  10.000  I.  f.  of  force  main,  and  construction  and  expansion  of  two  pumping 
stations  i'  scheduled  for  the  Initial  Stage  and  is  estimated  to  cost  $8. 180.000. 
(Subsequent  but  tire  Stage  2 expansion  of  the  two  pumping  stations  to  2020  design 
capai  it  ies  is  est  i mated  to  cost  S2.270.000. ) 

The  interceptor  from  the  Regional  Airport  ( 5 A - 1 9 ) to  the  existing  Bear  Creek 
Interceptor  at  node  5A-43  should  be  built  in  the  Initial  Stage  to  serve  the  airport, 
currently  under  construction.  The  estimated  cost  of  this  proposed  gravity  interceptor 
is  estimated  to  he  about  S840.000.  \ short  portion  of  the  Elm  Fork  Interceptor.  3.000  I. 
f.  of  gravitv  trunk  between  4A-124  and  4A-129,  should  be  relieved  by  1970.  The 
estimated  cost  is  about  S600.000). 
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TABLE  X-  10.  POPULATION  SERVED  BY,  FLOWS  AND  LOADS  TO,  JOINT  PLANTS 

(TRA  Central  Joint  System) 


YEAR 

1975  1990  2020 


TRA  Central  Joint  Plant 
(Existing  Capacity  - 30  mgd) 
(4A-166) 

Population  Served 

375,290 

904,180 

1,677,500 

Average  Sewage  Flow  (mgd) 

40.54 

111.88 

256.04 

Average  BOD  Load  (lb/day) 

91,230 

226,210 

454,600 

Average  SS  Load  (lb/day) 

95,320 

256,150 

495,000 

t 
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TABLE  X- 11.  RECOMMENDED  INTERCEPTING  SEWERS 


(TRA  Central 

Joint 

System) 

From 

To 

Interceptor 

Length 

Diameter 

Type  of 

Node 

Node 

Name 

(l.f.) 

(in) 

Interceptor 

4 A- 81 

4A-163 

Lewisville- Coppell 

39,000 

42-66 

Gravi ty 

4B-156 

4A-163 

Denton  Creek 

63,600 

30-54 

Gravity 

3,000 

36 

Pressure 

4A-163 

4A-117 

Elm  Fork 

5,000 

78-84 

Gravity 

4 A- 117 

4 A- 124 

Elm  Fork  Relief 

66,300 

84-102 

Gravity 

4A-124 

4A-129 

Elm  Fork  Relief 

3,000 

108 

Gravity 

4A-129 

4A-166 

Elm  Fork  Relief 

6,000 

120 

Gravity 

5 A- 20 

5A-21 

Big  Bear  Creek 

31,000 

24 

Gravity 

5 A- 21 

5A-13 

Big  Bear  Creek 

40 , 700 

30-54 

Gravi ty 

5B-25 

5B-28 

Little  Bear  Creek 

43,000 

24-30 

Gravity 

5B-28 

5 A- 13 

Little  Bear  Creek 

8,000 

30 

Gravi ty 

Relief 

5 A- 13 

5A-14 

Bear  Creek  Relief 

6 ,000 

54 

Gravity 

5B-29 

5 A- 14 

Midway  Park  Creek 

14,000 

24 

Gravity 

Relief 

5A-14 

5 A- 4 3 

Bear  Creek  Relief 

2,000 

66 

Gravity 

5A-19 

5 A- 4 3 

Regional  Airport 

19,500 

36 

Gravi ty 

5 A- 4 3 

3C-54 

Bear  Creek  Relief 

48,500 

60-84 

Gravity 

5F-184 

5C-65 

West  Fork 

48 , 300 

60-108 

Gravity 

5 C-65 

5C-54 

West  Fork  Relief 

12,500 

96-120 

Gravity 

5C-54 

5C-22 

West  Fork  Relief 

14,000 

132-150 

Gravi ty 

5D-448 

5C-452 

Webb 

31 ,000 

24-66 

Gravi ty 

6,000 

24-30 

Pressure 

5C-452 

5C-208 

Webb 

10,000 

78 

Gravity 

7,000 

54 

Pressure 

i 
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TABLE  X-ll.  RECOMMENDED  INTERCEPTING  SEWERS 

(TRA  Central  Joint  System) 
(Continued) 


From 

Node 

To 

Node 

Interceptor 

Name 

5C-453 

5C-495 

Lakeview 

Reservoir 

5C-208 

5C-350 

Mountain 

Relief 

Creek 

5C-350 

5C-22 

Mountain 

Relief 

Creek 

5C-22 

4A-166 

Mountain 

Relief 

Creek 

Length 

(l.f.) 

Diameter 

(in) 

Type  of 
Intercepto 

21,000 

48 

Gravity 

24,000 

66-90 

Gravity 

3,000 

54 

Pressure 

7,000 

72 

Gravity 

3,000 

180 

Gravity 

Sub  totals : 

Gravity  Interceptor  Length: 
Pressure  Interceptor  Length: 
Total  Length: 


566.400  l.f. (107  miles) 

19,000  l.f . ( 4 miles) 

585.400  l.f. (Ill  miles) 


Note:  Lengths  are  estimated  from  United  States  Geological  Survey 

topographic  maps  of  the  study  area  (Scale  1:24000). 
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TABLE  X-12.  STAGING  AND  CONSTRUCTION  COSTS  OF 
PROPOSED  INTERCEPTING  SEWERS (1) 

(TRA  Central  Joint  System) 


Initial  Future  Future 


From 

Node 

To 

Node 

Interceptor 

Name 

Stage 
(By  1975) 

Stage  1 
(By  1990) 

Stage  2 
(By  2020) 

4A-81 

4A-163 

Lewisville-Coppell 

$2,610,000 

4B-156 

4A-163 

Denton  Creek 

$4,620,000 

4A-163 

4A-117 

Elm  Fork 

310,000 

4A-117 

4A-124 

Elm  Fork  Relief 

10,740,000 

4A-124 

4A-129 

Elm  Fork  Relief 

$600,000 

4A-129 

4A-166 

Elm  Fork  Relief 

1,400,000 

5A-20 

5A-21 

Big  Bear  Creek 

930,000 

5A-21 

5A-13 

Big  Bear  Creek 

2,130,000 

5B-25 

5B-28 

Little  Bear  Creek 

1,410,000 

5B-28 

5A-13 

Little  Bear  Creek  Relief 

270,000 

5A-13 

5A-14 

Bear  Creek  Relief 

350,000 

5B-29 

5A-14 

Midway  Park  Creek  Relief 

420,000 

5A-14 

5A-43 

Bear  Creek  Relief 

150,000 

5A-19 

5A-43 

Regional  Airport 

840,000 

3A-43 

5C-54 

Bear  Creek  Relief 

4,630,000 

5F-184 

5C-65 

West  Fork 

6,800,000 

5C-65 

5C-54 

West  Fork  Relief 

3,030,000 

5C-54 

5C-22 

West  Fork  Relief 

3,460,000 

5D-448 

5C-452 

Webb 

2,710,000 

960,000 

5C-452 

5C-208 

Webb 

2,520,000 

1,000,000 

5C-453 

5C-495 

Lakeview  Reservoir 

1,080,000 

5C-208 

5C-60 

Mountain  Creek 

3,280,000 

1,270,000 

5C-60 

5C-22 

Mountain  Creek  Relief 

1,390,000 

5C-22 

4A-166 

Mountain  Creek  Relief 

990,000 

Subtotals 

$22,910,000 

$28,210,000 

$8,780,000 

TOTAL 

$59,900,000 

(1)  Costs  shown  are  for  gravity  interceptors,  pressure  interceptors,  and  pumping 
stations  and  are  based  on  an  ENR  Construction  Cost  Index  of  1100.  Land  costs 
are  included. 

Note : Lengths  are  estimated  from  United  States  Geological  Survey  topographical 
maps  of  the  study  area  (Scale  1:24,000). 
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TABLE  X-13.  SUMMARY  OF  PROJECT  CONSTRUCTION  AND 


OPERATION  AND  MAINTENANCE  COSTS 

(TRA  Central 

Joint  System) 

ESTIMATED  CONSTRUCTION  COSTS 

(1) 

Initial 

Future 

Future 

Item 

Stage 
(By  1975) 

Stage  1 
(By  1990) 

Stage  2 
(By  2020) 

Totals 

TRA  Central  Joint 
Treatment  Plant 

$40,480,000 

$56,070,000 

$96,550,000 

Interceptors : 

Gravity 

20,200,000 

$27,340,000 

4,000,000 

51,540,000 

Pressure 

880,000 

200,000 

120,000 

1,200,000 

Pumping  Stations 

1,830,000 

670,000 

4,660,000 

7,160,000 

TOTAL  CONSTRUCTION 

COSTS  $63,390,000 

$28,210,000 

$64,850,000 

$156,450,000 

ESTIMATED  ANNUAL  OPERATION 

AND  MAINTENANCE  COSTS 

I tem 

First  Year 
(1975) 

Average 

1975-1990 

Average 

1990-2020 

TRA  Central  Joint 

Treatment  Plant 

$2,770,000 

$4,740, 

000  $10,040,000 

Interceptors : 

Gravity 

50,000 

120, 

000 

130,000 

Pressure 

Nil 

Nil 

Nil 

Pumping  Stations 

40,000 

60, 

000 

250,000 

SUBTOTALS 

$2,860,000 

$4,920, 

000  $10,420,000 

Note: 

(1)  Based  on  an  ENR  Construction  Cost  Index  for  Dallas  of  1100. 
Land  costs  are  included. 
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Future  Stage  I.  The  capacity  of  the  recently  expanded  Lewisv  i lie  Sewage  Treatment 
Plant  will  be  exceeded  before  1990.  Therefore  it  is  proposed  that  the  Lewisville- 
Coppell  Interceptor,  the  Elm  Fork  Interceptor  from  Coppell  (4A-163)  to  Carrollton 
(4A-117),  and  the  Elm  Fork  Relief  Interceptor  front  fJarrollton  to  the  TRA  Central 
Plant  he  constructed  by  1990.  No  force  mains  or  pumping  stations  are  proposed.  The 
cost  ol  116.300  l.f.  of  gravity  interceptor,  which  excludes  the  3.000  l.f.  of  relief 
interceptor  proposed  for  the  initial  stage,  is  estimated  at  approximately  S 1 5. 060.000. 

In  the  Hear  (’.reek  watershed,  it  is  proposed  to  relieve  by  1990  the  entire  existing 
interceptor  from  its  junction  with  the  West  Fork  Interceptor  (5C-54)  upstream  to 
Colley ville  (513-28)  on  Little  Bear  Creek,  and  to  relieve  the  Midway  Park  Creek 
Interceptor  (5A-14  to  5B-29).  It  is  proposed  to  extend  the  interceptor  up  Little  Bear 
Creek  from  Colleyville  (5B-28)  to  North  Richland  Hills  (5B-25)  and  to  construct  the 
Big  Bear  Creek  Interceptor  from  the  junction  with  Little  Bear  Creek  (5A-13) 
upstream  as  far  as  Soulhlake  (5A-21)  by  1990.  permitting  the  phasing  out  of  the 
package  sewage  treatment  plant  at  Grapevine  (5A-24).  The  estimated  cost  of  162.200 
l.f.  of  gravity  interceptors  is  89.360,000.  No  force  mains  or  pumping  stations  are 
proposed.  (As  mentioned  previously,  the  Regional  Airport  Interceptor  is  proposed  for 
the  Initial  Stage). 

It  is  proposed  that  the  interceptors  serving  the  developing  area  near  the  proposed 
Lake  view  Reservoir,  from  5C-495  to  5C-453  (TSA  Gliderport)  and  from  3G-452  to  5D- 
448  (near  the  town  of  Webb)  he  built  by  1990.  Construction  of  52,000  l.f.  of  gravity 
interceptor.  6.000  l.f.  of  force  main,  and  two  pumping  stations  is  estimated  to  cost 
about  83.680.000.  (Subsequent  Future  Stage  expansion  of  the  two  pumping  stations  to 
2020  capacities  is  estimated  to  cost  8960.000). 

Future  Stage  2.  It  is  proposed  to  construct  the  Denton  Creek  Interceptor  from  Coppell 
(4A-163)  to  Grapevine  (4B-156)  as  the  sewage  treatment  plant  at  Grapevine  becomes 
overloaded,  an  occurrence  expected  sometime  after  1990.  Construction  of  63.600  l.f.  of 
gravity  interceptor,  3,000  l.f.  of  force  main,  and  two  pumping  stations  is  estimated  to 
cost  about  S4.620.000. 

Extension  of  the  Big  Bear  Creek  Interceptor  from  Soulhlake  (5A-21)  to  Keller  (5A-20) 
is  proposed  for  Future  Stage  2.  No  force  mains  or  pumping  stations  are  proposed. 

Construction  costs  of  31,000  l.f.  of  gravity  mains  is  estimated  at  about  8930.000. 

FORT  WORTH  VILLAGE  CREEK  JOINT  SYSTEM 

The  joint  sewerage  system  proposed  for  the  West  Fork  of  the  Trinity  River  upstream 
of  \ i 1 1 age  Creek  is  shown  on  Fig.  X-l  and  X-5.  Projected  populations  to  he  served  by 
the  \ illage  Creek  Sewage  Treatment  Plant,  and  projected  flows  and  loads  to  this  plant 
in  1975.  1990.  and  2020.  are  presented  in  Table  X-14.  The  proposed  new  and  relief 
interceptors,  totalling  92  miles,  are  isted  in  Table  X-15.  Staging  and  estimated 
construction  costs  of  the  proposed  interceptors  are  described  in  Table  X-16. 

Construction  and  operation  and  maintenance  costs  for  the  joint  svstem  are 
summarized  in  Table  X-17. 
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EXISTING  INTERCEPTOR 
WATERSHED  BOUNDARY 


FIG.X-5  RECOMMENDED  SEWERAGE  SYSTEM 
(WEST  FORK  TRINITY  - WATERSHED  5) 
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TABLE  X-14.  POPULATION  SERVED  BY,  FLOWS  AND  LOADS  TO,  JOINT  PLANT 
(Village  Creek  Joint  System) 


YEAR 

Village  Creek  Joint  Plant 
(5G-180) 

19  75 

(Existing  Capacity 

1990 

- 45  mgd) 

2020 

Population  Served 

737,160 

1,304,040 

1,957,600 

Average  Sewage  Flow  (mgd) 

79.55 

165.58 

298.84 

Average  BOD  Load  (lb /day) 

185,620 

338,840 

546,800 

Average  SS  Load  (lb/day) 

195,310 

365,060 

585,800 

V33 


From 

To 

Interceptor 

Length 

Diameter 

Type  of 

Node 

Node 

Name 

(l.f.) 

(in) 

Interceptor 

5S-175 

5S-59 

Jacksboro  Highway  - Azle 

45,500 

30-48 

Gravity 

500 

36 

Pressure 

5S-59 

5S-60 

Lake  Worth  Crossing 

6,000 

36 

Pressure 

5S-60 

5S-65 

Jacksboro  Highway 

25,000 

24-60 

Gravity 

11,400 

42 

Pressure 

5S-70 

5S-69 

Westworth  Relief 

12,000 

42 

Gravity 

5S-67 

5S-65 

Westworth  Relief 

5,000 

36 

Gravity 

5S-65 

5S-66 

Westworth  Relief 

6,000 

72 

Gravity 

5M-92 

5M-101 

West  Fork  Relief 

13,000 

90 

Gravity 

5N-97 

5M-101 

Sycamore  Creek 

46,000 

36-108 

Gravity 

5M-101 

5J-106 

West  Fork  Relief 

11,000 

120 

Gravity 

5K-166 

5J-106 

Little  Fossil  Creek 

33,000 

24 

Gravity 

5J-106 

5M-172 

West  Fork  Relief 

25,000 

120 

Gravity 

5J-112 

5M-113 

Richland  Hills 

7,000 

24 

Gravity 

51-117 

5M-172 

Walker  Calloway  Relief 

21,000 

48-54 

Gravity 

5M-172 

51-121 

West  Fork  Relief 

9,000 

108 

Gravity 

51-118 

51-121 

Hurst  Relief 

8,000 

66 

Gravity 

51-121 

5G-180 

West  Fork 

8,000 

132 

Gravity 

5G-132 

5G-129A 

Crowley 

21,000 

24 

Gravity 

5G-130 

5G-129A 

Burleson 

19,000 

24 

Gravity 

5G-129A 

5G-123 

Village  Creek 

92,000 

24-72 

Gravity 

5G-123 

5G-180 

Village  Creek  Relief 

2,000 

108 

Gravity 
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TABLE  X-15 . RECOMMENDED  INTERCEPTING  SEWERS 

(Village  Creek.  Joint  System) 

(Continued) 

From  To  Interceptor  Length  Diameter  Type  of 

Node  Node  Name  (l.f •)  (In)  Interceptor 

5H-143  5G-180  Rush  Creek  61,100  24-72  Gravity 

Subtotals : 

Gravity  Interceptor  Length  469 , 6001 . f . (89  miles) 

Pressure  Interceptor  Length  17 , 900 1 . f . (3  miles) 

Total  Length  487, 5001 . f . (92  miles) 


Note:  Lengths  are  estimated  from  United  States  Geological  Survey 

topographical  maps  of  the  study  area  (Scale  1:24,000). 
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TABLE  X-16.  STAGING  AND  CONSTRUCTION  COSTS  OF 

PROPOSED  INTERCEPTING  SEWERS(l) 


(Village  Creek  Joint  System) 


From 

To 

Interceptor 

Initial 

Future  Future 

Stage  1 Stage  2 

Node 

Node 

Name 

(By  1975) 

(By  1990)  (By  2020) 

5S-175 

5S-59 

Jacksboro  Highway  Azle 

$2,480,000  $580,000 

5S-59 

5S-60 

Lake  Worth  Crossing 

$600,000 

500,000 

5S-60 

5S-65 

Jacksboro  Highway  Relief 

2,330,000  800,000 

5S-70 

5S-69 

Westworth  Relief 

580,000 

5S-69 

5S-67 

Westwor th 

(No 

relief  necessary) 

5S-67 

5S-65 

Westworth  Relief 

210,000 

5S-65 

5S-66 

Westworth  Relief 

530,000 

5S-66 

5M-92 

West  Fork 

(No 

relief  necessary) 

5Q-71 

5M-92 

Clear  Fork 

(No 

relief  necessary) 

5M-92 

5N-94 

5M-101 

5N-97 

West  Fork  Relief 
Edgeclif f 

(No 

relief  necessary) 

5N-97 

5N-99 

Sycamore  Creek  Relief 

1,290,000 

5N-99 

5N-100 

Sycamore  Creek  Relief 

700,000 

5N-100 

5M-101 

Sycamore  Creek  Relief 

1,190,000 

5M-101 

5J-106 

West  Fork  Relief 

2,560,000 

^Costs  shown  are  for  gravity  interceptors,  pressure  interceptors,  and  pumping 
stations,  and  are  based  on  an  ENR  Construction  Cost  Index  of  1100.  Land  costs 
are  included. 
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TABLE  X-16 . STAGING  AND  CONSTRUCTION  COSTS  OF 
PROPOSED  INTERCEPTING  SEWERS 

(Village  Creek  Joint  System) 

(Continued ) 


Future  Future 


From 

Node 

To 

Node 

Interceptor 

Name 

Initial  Stage  1 Stage  2 

(By  1975)  (By  1990)  (By  2020) 

5K-166 

5K-105 

Little  Fossil  Creek  Relief 

$990,000 

5K-105 

5J-106 

Little  Fossil  Creek 

(No  relief  necessary) 

5J-106 

5M-172 

West  Fork  Relief 

$5,830,000 

5J-112 

5M-113 

Richland  Hills 

$210,000 

51-168 

51-116 

(No  relief  necessary) 

51-117 

51-116 

Walker-Calloway  Relief 

570,000 

51-116 

5M-172 

Walker-Calloway  Relief 

590,000 

5M-172 

51-121 

West  Fork  Relief 

1, 780,000 

51-118 

51-121 

Hurst  Relief 

630,000 

51-121 

5G-180 

West  Fork  Relief 

2,150,000 

5G-132 

5G-129A 

Crowley 

630,000 

5G-130 

5G-129A 

Burleson 

570,000 

5G-129A 

5G-136 

Village  Creek 

870,000 

5G-136 

5G-123 

Village  Creek  Relief 

4,710,000 

5G-123 

5G-180 

Village  Creek 

360,000 

5H-143 

5G-180 

Rush  Creek 

3,380,000 

Subtotals  $8,960,000  S26.100.000  $4,370,000 

Total  $39,43 0,000 
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A TABLE  X-17.  SUMMARY  OF  PROJECT  CONSTRUCTION  AND 

OPERATION  AND  MAINTENANCE  COSTS 

(Village  Creek  Joint  System) 


ESTIMATED  CONSTRUCTION  COSTS 


Initial 

Future 

Future 

Item 

Stage 
(By  1975) 

Stage  1 
(By  1990) 

Stage  2 
(By  2020) 

Totals 

Village  Creek  Joint 
Treatment  Plant 

$53,950,000 

$53,560,000 

$107,510,000 

Interceptors : 

Gravity 

8,360,000 

$25,030,000 

2,490,000 

35,880,000 

Pressure 

250,000 

310,000 

560,000 

Pumping  Stations 

350,000 

760,000 

1,880,000 

2,990,000 

TOTAL  CONSTRUCTION  COSTS 

$62,910,000 

$26,100,000 

$57,930,000 

$146,940,000 

ESTIMATED  ANNUAL  OPERATION  AND  MAINTENANCE  COSTS 


First  Year 

Average 

Average 

(1975) 

1975-1990 

1990-2020 

Village  Creek  Joint 

Treatment  Plant 

$4,910,000 

$7,050,000 

$12,200,000 

Interceptors : 

Gravity 

30,000 

90,000 

100,000 

Pressure 

Nil 

Nil 

Nil 

Pumping  Stations 

10,000 

30,000 

100,000 

SUBTOTALS 

$4,950,000 

$7,170,000 

$12,400,000 

Note : 

(1)  Based  on  an  ENR  Construction  Cost  Index  of  1100. 
Land  costs  are  included. 
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It  is  proposed  that  separate  treatment  plants  continue  to  serve  areas  north  of  Azle  and 
west  of  Benbrook,  as  shown  on  Fig.  X-l  appended  to  this  volume  and  on  Fig.  X-5. 
Existing  separate  plants  at  Jacksboro,  Bowie,  Alvord,  Chico,  Bridgeport.  Decatur, 
Boyd,  Springtown,  Weatherford,  Aledo,  Runaway  Bay,  and  St.  Francis  \ illage  should 
he  retained.  These  plants  should  be  expanded  to  accept  greater  flows  and  to  provide 
adequate  advanced  treatment  where  feasible.  New  separate  plants  are  proposed  for 
Lake  Amon  G.  Carter,  Sunset,  Park  Springs,  Wizard  Wells,  Jermyn,  Paradise,  Newark, 
Reno,  and  Lake  Weatherford.  Existing  treatment  plants  at  Azle,  Benbrook,  Haltom 
City,  Hurst,  Crowley,  Burleson,  Everman,  Forest  Hill,  Kennedale.  Richland  Hills, 
Tarrant  County  WSC  Plant  No.  2.,  the  mobile  home  parks  in  the  Rush  Creek  basin, 
and  the  Fort  Worth  Riverside  plant  are  to  be  phased  out  as  the  joint  system  is  built. 

Initial  Stage.  It  is  proposed  that  the  existing  V illage  Creek  Sewage  Treatment  Plant 
(5G-180)  be  expanded  by  1975  (Initial  Stage)  from  its  present  secondary  capacity  of  45 
mgd  to  provide  advanced  treatment  with  a 1990  capacity  of  about  166  mgd,  at  an 
estimated  construction  cost  of  $55,950,000.  Subsequent  (Future  Stage  2)  expansion  to  a 
2020  capacity  of  about  299  mgd  is  estimated  to  cost  about  $53,560,000. 

It  is  proposed  to  extend  the  existing  Jacksboro  Highway  Interceptor  by  means  of  a 
pumping  station  and  force  main  from  its  present  upstream  end  at  Lake  Vi  ortli  (5S-60)  . 
across  a narrow  section  of  Lake  Worth  to  Lakeside  (5S-59)  to  protect  the  lake  from 
sewage  effluent  generated  at  Lakeside.  The  estimated  construction  cost  of  one 
pumping  station  and  6.000  l.f.  of  force  main  is  about  $600,000.  (Subsequent  Future 
Stage  2 expansion  of  the  pumping  station  to  2020  capacity  is  estimated  to  cost 
$500,000).  No  gravity  interceptor  is  proposed  for  this  section. 

For  the  Initial  Stage  it  is  proposed  that  the  existing  Village  Creek  Interceptor  be 
extended  upstream  from  Everman  (5G-136)  to  Burleson  (5G-130),  with  a branch 
extending  westward  to  Crowley  (5G-132).  No  pumping  stations  or  force  mains  are 
proposed  for  this  interceptor.  Construction  of  the  63,500  l.f.  of  proposed  gravity 
interceptor  is  estimated  to  cost  about  $2,070,000. 

It  is  proposed  that  the  communities  of  Wilson,  Parson,  Pantego.  and  Dalworthington 
Gardens,  and  several  mobile  home  parks  in  the  Rush  Creek  watershed,  be  served  by 
the  Rush  Creek  Interceptor  by  1975.  No  pumping  stations  or  force  mains  are  proposed. 
Construction  of  the  61.100  l.f.  of  proposed  gravity  interceptors  in  this  developing  area 
is  estimated  to  cost  approximately  $3,380,000. 

Also  proposed  for  Initial  Stage  construction  are  several  relief  interceptors:  The 
Westworth  Relief  (5S-70  to  5S-69)  12.000  l.f.  of  gravity  interceptor  costing  about 
$580,000;  the  Sycamore  Creek  Relief,  5N-100  to  5M-101,  6,000  l.f.  of  gravity  interceptor 
estimated  to  cost  about  $1,190,000;  the  Walker-Calloway  Relief,  51-117  to  51-116. 
11,000  l.f.  of  gravity  interceptor,  estimated  to  cost  about  $570,000;  and  the  Village 
Creek  Relief  Interceptor,  5G-123  to  5G-180,  2,000  l.f.  of  gravity  interceptor  estimated 
to  cost  $360,000.  A 7,000  l.f.  gravity  interceptor,  estimated  to  cost  $210,000  (5J-112  to 
5M-1 13)  is  scheduled  in  the  Initial  Stage  to  permit  phasing  out  by  1975  of  the  Richland 
Hills  (TC.WSC  No.  2)  plant. 

Future  Stage  /.It  is  proposed  that  the  Jacksboro  Highway  Interceptor  be  extended  from 
Lakeside(5S-59)  to  Azle(5S-175)  as  the  capacity  of  the  Azle  Treatment  Plant  operated  by 
the  TCWSD  is  exceeded,  an  occurance  which  is  expected  by  1990.  The  45.500  l.f.  of 
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gravity  interceptor,  one  pumping  station,  and  500  1.1.  of  force  main  are  estimated  to 
cost  about  $2,480,000.  (Subsequent  Future  Stage  2 expansion  of  the  pumping  station  to 
2020  capacity  is  estimated  to  cost  about  $580,000).  Relief  for  the  existing  portion  of  the 
Jacksboro  Highway  Interceptor  (5S-65  to  5S-60)  is  also  proposed  for  Future  Stage  1. 
and  is  estimated  to  cost  about  $2,330,000.  These  relief  facilities  consist  of  25,000  l.f.  of 
gravity  interceptor,  11,400  l.f.  of  force  main,  and  one  pumping  station.  (Subsequent 
Future  Stage  2 expansion  of  the  pumping  station  to  2020  capacity  is  estimated  to  cost 
about  $800,000). 

Other  interceptors  proposed  for  Future  Stage  1 are  the  Westworth  Relief,  5S-65  to  5S- 
66.  6.000  l.f.  of  gravity  interceptor  estimated  to  cost  about  $530,000:  the  Vi  est  Fork 
Relief,  5M-92  to  5M-101.  13.000  l.f.  of  gravity  interceptor  costing  about  $1,810,000;  the 
Sycamore  Creek  Relief,  12,000  l.f.  of  gravity  interceptor  estimated  to  cost  about 
$700,000:  the  West  Fork  Relief  between  the  Riverside  and  Village  Creek  Treatment 
Plant  5M-101  to  5J-106.  to  5M-172,  to  51-121.  to  5G-180),  53,000  l.f.  of  gravity  interceptor 
estimated  to  cost  about  $12,320,000;  the  Walker  Calloway  Relief.  51-116  to  5M-172. 
10.000  l.f.  of  gravity  interceptor  estimated  to  cost  about  $590,000;  Hurst  Relief.  51-118 
to  51-121,  8,000  l.f.  of  gravity  interceptor  estimated  to  cost  about  $630,000;  and  the 
Village  Creek  Relief,  5G-136  (Everman)  to  5G-123,  68,500  l.f.  of  gravity  interceptor 
estimated  to  cost  about  $4,710,000. 

Future  Stage  2.  Proposed  for  construction  after  1990  hut  before  2020  are  the 
Westworth  Relief  Interceptor,  5S-67  to  5S-65  (junction  with  the  Jacksboro  Highway 
Interceptor),  5.000  l.f.  of  gravity  interceptor  estimated  to  cost  about  $210,000;  the 
Sycamore  Creek  Relief  Interceptor,  5N-97  to  5N-99,  28.000  l.f.  of  gravity  interceptor 
costing  about  $1,290,000;  and  the  Little  Fo  ssil  Creek  Relief.  5K-166  (Saginaw)  to  5k- 
105.  33.000  l.f.  of  gravity  interceptor  estimated  to  cost  about  $990,000. 

As  shown  in  Table  X-16,  several  existing  interceptors  in  the  \ iliage  Creek  Joint 
System  have  capacities  adequate  for  projected  2020  flows  and  hence  are  expected  to 
need  no  relief  before  the  y ear  2020. 

CHAMBERS  CREEK  - WAXAHACHIE  CREEK  W ATERSHEDS  10  & 11 

It  is  recommended  that  the  7 local  treatment  plants  serving  Alvarado,  Maypearl, 
Grandview,  Italy,  Milford,  Waxahachie,  and  Ennis  be  retained  as  necessarv.  Staging  of 
expansion  of  these  treatment  plants  is  shown  in  Table  X-19,  to  be  discussed  presently. 
It  is  recommended  that  adequate  treatment  including  advanced  treatment  where 
feasible,  be  prov  ided  to  all  wastewater  tributary  to  Lake  Waxahachie  and  to  Bardwell 
Reservoir,  to  avoid  pollution  and  eutrophication  of  those  lakes. 

W ATF.RSHEDS  6,  7,  8,  9,  and  12 

As  noted  in  Chapter  IX,  Watersheds  6,  7,  8.  and  9 are  sparsely  populated,  with  no 
significant  population  increase  projected  for  the  future.  Hence,  no  joint  collection 
systems  are  considered  economically  feasible.  In  Watershed  12.  composed  of  those 
parts  of  Collin.  Rockwall,  and  Kaufman  Counties  tributary  to  the  Sabine  River,  the 
major  population  center  is  Rovse  City.  A local  plant  capable  of  adequate  treatment  of 
Royse  City  sewage  is  recommended  for  the  protection  of  Lake  Tawakoni.  Construction 
costs  of  this  plant  are  indicated  in  Table  X-19  (to  be  discussed  hereinafter),  as  the  only 
costs  show  n for  W atershed  12  (Sabine  River). 
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Six  joint  sewerage  systems  are  proposed  as  principal  components  of  the  recommended 
regional  sewerage  plan.  Secondary  treatment  facilities  which  now  either  exist  or  are 
under  construction  at  the  sites  of  the  six  joint  treatment  plants  should  be  expanded 
and  advanced  treatment  facilities  provided  as  necessary  to  meet  future  requirements. 
In  addition,  the  proposed  joint  systems  will  include  about  351  miles  of  intercepting 
sewers  (both  gravity  anil  pressure)  and  24  pumping  stations.  As  shown  in  Table  X-I8,  46 
existing  treatment  plants  w ill  he  phased  out. 


The  recommended  regional  plan  includes  an  additional  79  treatment  plants  which  are 
proposed  to  remain  separate  from  the  joint  systems  and  be  expanded  as  local 
conditions  dictate,  plus  25  separate  new  plants  which  will  be  required  in  the  future. 
Advanced  treatment  facilities  should  be  provided  whenever  feasible  at  these  plants. 
Such  treatment  is  especially  important  in  the  area  tributary  to  water  supply  reservoirs. 

Estimated  construction  costs  (1970  costs)  for  joint  systems  and  separate  local  treatment 
plants  are  shown  in  Table  X-19  for  the  twelve  watersheds  in  the  study  area.  Costs  are 
indicated  for  Initial  Stage,  Future  Stage  1,  or  Future  Stage  2 construction,  as 
presented  heretofore  in  this  report.  Future  Stage  1 costs  are  further  presented  for 
construction  expected  to  be  required  by  1980,  1985,  or  1990.  (Allocation  of  costs  to 
different  staging  periods  is  based  on  existing  plant  capacities  shown  in  Table  IV-1, 
projected  population  and  flow  data  presented  in  Tables  Y-3  and  Y-6.  design  criteria  set 
forth  in  Chapter  \ I,  and  linear  interpolation  where  required.  While  values  presented 
in  Table  X-19  provide  guidelines  for  long-range  regional  planning,  required 
construction  in  any  particular  area  at  any  particular  stage  can  be  accurately 
determined  only  by  a more  detailed  study). 

As  shown  in  Table  X-19.  the  total  cost  for  contruction  of  the  joint  systems  through  2020 
is  estimated  to  be  $576,670,000,  or  about  $570,000  per  mgd  of  joint  treatment  plant 
capacity  provided. The  total  construction  cost  for  all  plants  outside  of  the  areas  served 
by  proposed  joint  systems  is  estimated  to  he  $123,460,000,  The  estimated  total 
construction  cost  of  all  facilities  proposed  herein;  i.e.  joint  systems  plus  separate 
plants,  is  about  $700,130,000. 

Project  costs  are  plotted  on  Fig.  X-6.  Estimated  annual  operation  and  maintenance 
costs  for  the  joint  systems  are  expected  to  average  $26,750,000  through  1990  as  show  n in 
Table  X-20. 

The  general  recommendations  as  to  the  degree  of  treatment  provided  are  dependent 
on  water  quality  objectives.  The  treatment  processes  proposed  are  those  which  reflect 
the  latest  advances  in  sewage  treatment  plant  technology.  A number  of  advanced  waste 
treatment  processes  may  be  employed  (as  discussed  in  Chapter  XI)  with  similar 
degrees  of  success  depending  upon  the  results  of  specific  pilot  plant  studies.  Such 
studies  should  be  considered  as  a part  of  the  detailed  design  of  any  major  treatment 
facility. 

It  is  recommended  that  induced  river  aeration  he  considered  in  conjunction  with 
other  methods  of  treatment  to  increase  I).().  levels  and  satisfy  HOD  requirements  of 
receiving  streams  (as  discussed  in  Chapter  XI).  At  the  present  time  the  use  of  instream 
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TABLE  X-18 . PROPOSED  DISPOSITION  OF  EXISTING 
SEWAGE  TREATMENT  PLANTS 


I.  Six  Plants  to  be  Expanded  into  Joint  Treatment  Plants 


Node  No.  Name  or  Location 
ID-161  Ten  Mile  Creek 

1F-146  Dallas  - South  Side 

11-175  Dallas  - White  Rock 


Node  No.  Name  or  Location 
4A-166  TRA  Central 

3D-23  Duck  Creek 

5G-180  Village  Creek 


II . Forty-Six  Plants  to  be  Phased  Out* 
Node  No.  Name  or  Location 
Trinity  River  - Watershed  1 


Node  No.  Name  or  Location 


ID-145 

Wilmer 

IE-150 

Seagoville 

Fed.  Corr.  Inst 

IE-147 

Kleberg 

1G-143 

Hutchins 

IE-149 

Balch  Springs  (Dallas- 
Hickory  Tree  WCID  #6) 

1H-66 

Richardson 

- Floyd  Branch 

East  Fork  Trinity  - Watershed  3 


3A-58 

Seagoville 

3E-40 

Garland  - Rowlett  Creek 

3B-16 

Rockwall 

3C-34 

Wylie 

3C-54 

Mesquite 

3H-3 

McKinney  - North 

3E-26 

Plano 

3H-24 

McKinney  - South 

Elm  Fork 

Trinity  - Watershed  4 

4A-81 

Lewisville 

4B-156 

Grapevine 

4B-170 

Green  Acres  Estates 

Big  Bear 

' Creek  and  Little  Bear  Creek  - 

Watersheds  5A 

and  5B 

5A-20 

Keller  (N. Tarrant  Co.M.W.D.) 

5A-60 

Greenview  Addition 

5A-24  Grapevine 


5B-170  Green  Valley  Mobile  Home 
Park  (Smithfield) 


Watersheds  5C,  5D,  5E,  5F 
5E-195  Arlington 
5F-184  Euless  (West) 


5F-188  Euless  (East) 

5F-189  Greater  Southwest  Airport 


Construction  of  proposed  facilities  will  determine  phase-out  date. 
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PROPOSED  DISPOSITION  OF  EXISTING 
SEWAGE  TREATMENT  PLANTS 
(Continued) 

II.  Forty-Six  Plants  to  be  Phased  Out  (Continued) 


Node  No. 

Name  or  Location 

Node  No. 

Name  or  Location 

West  Fork  Trinity  - Watershed  5 

5G-130 

Burleson 

5H-159 

Poly-Webb  Mobile  Home  Park 

5G-132 

Crowley 

5J-17 

Keller  Mobile  Home  Park 

5G-133 

Sunny  Acres  Mobile  Home 
Park  (Crowley) 

5J-107 

Haltom  City 

5C-136 

Everman 

5J-112 

Richland  Hills  (TCWSC  #2) 

5G-137 

Kennedale 

5M-101 

Fort  Worth  - Riverside 

5G-138 

Forest  Hill 

5M-172 

TCWSC  #1  (Highway  820) 

5H-141 

Banfield  Mobil?  Home  Park 

5Q-71 

Benbrook 

5H-143 

Royal  Coach  Mobile  Home  Park 

5S-59 

Lakeside 

5H-145 

L & M Mobile  Home  Park 

5S-175 

Azle  (TCWSC) 

3H-150 

Treetop  (South)  Mobile  Home 
Park 

5H-153 

Tumbleweed  Mobile  Home  Park 

5H-156 

Wilson  Mobile  Home  Park 

X-43 


TABLE  X-19 . 

ESTIMATED 

COSTS 

FOR  RECOMMENDED 

CONSTRUCT IO; 

. AND  EXPANSION 

J* 

FUTURE  STAGE  1 

FUTURE 
STAGE  2 

Area 

or 

S 

1975 

1980 

1985 

1990 

Total 

2020 

Grand 

Total 

WATERSHED  1 

Dallas  - White  Rock 

J 

44,630 

1,830 

- 

- 

1,830 

29,470 

South  Side 

J 

23,150 

- 

- 

- 

- 

21,540 

44,690 

Ten  Mile  Creek 

J 

- 

18,450 

- 

- 

18,450 

17,140 

35,590 

Southeast  Area 

S 

4,820 

800 

- 

- 

800 

8,900 

14,520 

WATERSHED  2 

Cedar  Creek 

s 

4,880 

960 

550 

410 

1,920 

10, *00 

17,200 

WATERSHED  3 

Duck  Creek 

J 

74,600 

4,400 

- 

- 

4,400 

38,070 

117,070 

East  Fork  Trinity 

s 

1,790 

- 

- 

1,640 

1,640 

2,770 

6,200 

WATERSHEDS  4,  5 

TRA  Central 

J 

63,390 

25,450 

2,760 

- 

28,210 

64,850 

156,450 

Elm,  Lower  West  Forks 

s 

10,440 

4,210 

- 

280 

4,490 

28,970 

43,900 

WATERSHED  5 

Village  Creek 

J 

62,910 

22,570 

2,240 

1,290 

26,100 

57,930 

146,940 

Upper  West  Fork 

s 

9,640 

120 

- 

- 

120 

10,560 

20,320 

WATERSHED  6 

Brazos  River, 
Parker  Co. 

s 

- 

- 

- 

- 

- 

- 

- 

WATERSHED  7 

Brazos  River, 
Johnson  Co. 

s 

- 

- 

- 

- 

- 

- 

- 

WATERSHED  8 

Nolands  River 

s 

- 

900 

900 

900 

2,700 

2,600 

5,300 

WATERSHED  9 

Richland  Creek 

s 

- 

- 

- 

- 

- 

- 

- 

.....  HEX  ; U 

Chambers  Creek, 
Waxahachie  Creek 

s 

5,800 

- 

240 

240 

7,570 

13,610 

WATERSHED  12 

Sabine  River 

s 

_ 

- 

1,030 

1,030 

1,380 

2,410 

TOTAL 

J 

268,680 

72,700 

5,000 

1,290 

78.990 

229,000 

576,670 

s 

37,370 

6,990 

1,450 

4,500 

12,940 

73,150 

123, ‘♦bU 

GRAND  TOTAL 

306,050 

79,690 

6,450 

5,790 

91,930 

302,150 

700,130 

*J  * Joint 
S - Separate 

NOTE:  All  coats  are  1970  • ttimates  in  thousands  of  dollars. 


Land  costs  are  included. 
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aeration  in  The  Trinity  River  and  its  tributaries  in  the  study  area  does  not  appear 
feasible  because  of  extreme  flow  variations,  but  if  dams  and  locks  are  constructed  as 
part  of  the  canalization  project,  the  feasibility  should  be  reevaluated. 

Low  flow  augmentation  is  not  recommended  as  a means  of  achieving  water  quality 
objectives  in  the  l pper  Trinity  River  Basin.  Nutrients  in  treatment  plant  effluents 
and  surface  runoff  indicate  the  need  for  advanced  treatment  to  prevent  the 
eutrophication  of  lakes  and  reservoirs. 

Infiltration  of  storm  water  into  sewage  collection  systems  should  he  controlled  as 
discussed  in  Chapter  III.  In  the  absence  of  effective  control  measures,  storm  water 
chlorination  detention  tanks  (in  addition  to  treatment  plants)  ntav  he  required  to 
prevent  water  quality  impairment  during  wet  weather  periods.  Such  tanks  may  he 
provided  either  at  treatment  plant  sites  or  at  principal  points  of  overflow  upstream. 
Vi  hen  constructed,  they  should  he  of  sufficient  capacity  to  provide  settling  and 
chlorine  contact  for  all  over-flow  from  trunk  sewers. 

Any  sewage  treatment  plant,  regardless  of  the  degree  of  treatment  provided,  should  be 
constructed  to  function  at  design  capacity  during  maximum  anticipated  river  stages. 
Plants  should  he  located  either  on  sufficiently  high  ground  or  equipped  with 
sufficient  effluent  pumping  capacity  to  function  properly  at  such  times.  Sludge 
resulting  from  sewage  treatment  processes  should  he  disposed  of  in  such  a manner  that 
it  will  have  no  deleterious  effect  upon  the  water,  air  or  land  environment  and  present 
no  health  hazard. 

Facilities  proposed  as  part  of  the  recommended  regional  sewerage  plan  are  based  on 
the  criteria  and  conditions  indicated.  In  any  area  subject  to  an  unanticipated  influx  of 
population  or  industry  as  from  a major  development,  adjustments  in  the  sewerage 
facilities  proposed  herein  may  he  necessary.  If  the  population  of  the  study  area  or  a 
watershed  grows  more  rapidly  than  anticipated,  consolidation  of  joint  treatment 
facilities  and  construction  of  interceptors  may  he  justified  at  a more  rapid  rate  than 
indicated  by  the  proposed  staging. 

These  recommendations  should  constitute  a basis  of  comparison  to  enable  N(!TO>(,  to 
evaluate  the  suitability  of  sewerage  construction  projects  proposed  by  others  where 
such  projects  are  at  variance  with  those  proposed  herein. 
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CHAPTER  XI 


TREATMENT  AND  DISPOSAL  OF  WASTES 

The  water  pollution  control  standard  recently  established  in  I e\a*  require.  in  main 
liiM-s.  higher  degrees  of  wastewater  treatment  than  provided  In  eomentiniial 
processes,  Conventional  treatment  processes  are  described  in  < hapter  \ I. 
Furthermore,  those  standards  necessitate  greater  control  of  water  in  sludge  and  solid 
waste  disposal  areas  than  has  general!)  been  achieved  in  the  past. 

The  achievement  of  pollution  abatement  and  water  ret  tarnation  in  the  North  Central 
Texas  region  requires  knowledge  id  the  processes  available  and  the  economics 
involved  in  their  selection.  Therefore,  in  this  section  are  presented  reviews  of  the 
reclamation  and  reuse  of  wastewater,  advanced  wastewater  treatment  processes  and 
the  treatment  and  disposal  as  it'  practice  mat  affect  the  quality  of  surface  and 
groundwaters  in  the  study  area. 

The  processes  discussed  herein  are  by  necessity  those  which  reflect  the  current  state  of 
technological  development.  The  projection  of  trends  of  future  technological 
development  in  water  pollution  control  is  in  its  infancy . However,  trends  appear  to  be 
general  I v in  the  direction  of  more  efficient  and  compact  means  of  removing 
objectionable  substances  from  water,  more  acceptable  or  beneficial  methods  ol  sludge 
disposal  and  greater  automation. 

RECLAMATION  AND  REUSE  OF  WASTEWATER 

Discussion  of  the  reclamation  and  reuse  of  wastewater  in  the  studv  area  requires  the 
consideration  of  relevant  factors  pertaining  to  the  quantity  and  qualitv  of  water 
needed.  The  implementation  of  a policy  of  reclamation  and  reuse  would  affect  the 
location  of  and  the  type  of  treatment  needed  at  sewage  treatment  plants  as  well  as  the 
future  water  supplv  needs  of  the  area.  The  reuse  of  reclaimed  water  for  electric  power 
plant  cooling  water  is  a major  consideration. 


RATIONALE 

The  supplv  of  natural  fresh  water  on  the  Earth,  and  in  any  geographical  area,  is 
re lativelv  fixed  over  a long  period  of  time.  In  any  spec  ific  location,  to  he-  sure,  there 
are  wet  vears  and  drv  vears.  wet  cycles  and  dry  cycles:  but  over  a long  span  of  time  the 
fresh-water  supplv  from  rainfall  i'  relat iv ely  constant. 

Furthermore,  this  Earth  has  the  same  water  now  that  existed  in  prehistoric  days. 
Except  for  some  relativelv  insignificant  chemical  combinations  and  changes  in  form, 
water  is  neither  created  not  destroyed  by  nature.  It  repeatedly  has  been  used, 
contaminated,  purified  by  nature's  hydrologic  cycle,  and  reused. 

The  idea  of  reutilDation  of  waste  water,  without  benefit  of  the-  hydrologic  cycle,  is  not 
nove  l either  in  concept,  in  reality,  or  in  public  recognition  and  acceptance.  Such 
rent ili/ation  has  been  occ  urring  for  years  along  the-  major  rivers  of  the-  l .S..  where 
many  cities  and  large  industries  take  water  from  the  river,  and  return  their  wastewater 


to  the  river  for  subsequent  list1  bv  (low  list  ream  entities.  On  the  Trinit  \ River  this  same 
situation  exists,  with  the  Dullas-Fort  Worth  metropolitan  area  discharging  wastewater 
which  eventuallv  reaches  Livingston  Reservoir  which  supplies  water  to  Houston. 
Construction  of  the  Tennessee  Colony  Reservoir  will  also  cause  this  type  of 
reutilization  to  take  place. 

Purification  of  water  prior  to  municipal  use  has  long  been  standard  practice.  In  recent 
vears  treatment  of  the  returned  wastewater  has  also  become  mandatorv  inasmuch  as 
natural  stream  self-purification  has  become  increasingly  inadequate  to  protect 
mult iple  beneficial  uses  deemed  suitable  for  the  water. 

\n  indirect  reuse  of  domestic  wastewater  also  occurs  in  areas  replete  with  septic  tanks 
and  leaching  drain  fields.  W ith  such  systems,  liquid  wastewaters  percolate  through  the 
soil  and  eventually  replenish  the  groundwater  supply.  The  distribution  of  septic  tank 
and  other  subsurface  disposal  sy  stems  in  the  study  area  i>  discussed  in  ( ihapter  I \ . 

I ndiluted  hut  highly  treated  municipal  wastewater  has  also  been  used  for  recreational 
lakes  (including  swimming  areas),  lor  irrigation  of  crops  and  grazing  land,  and  for 
many  industrial  purposes,  as  described  later  in  this  section.  The  ultimate  in 
wastewater  renovation  and  reutilization  will  occur  soon  in  prolonged  space  flights  and 
at  lunar  colonies  where  human  liquid  wastes  will  have  to  be  used  again  for  human 
consumption  after  purification  hy  evaporative  processes  followed  hv  carbon 
adsorpt  ion. 

Despite  its  potential  value,  no  one  cherishes  the  thought  of  using  treated  wastewater 
for  anv  purpose.  However,  when  pristine  or  previously  unused  water  ceases  to  he 
available  and  plentiful,  or  when  it  must  be  imported  great  distances  at  high  cost,  the 
rationale  for  wastewater  renovation  and  reutilizalion  becomes  more  acceptable, 
especially  in  relation  to  beneficial  uses  where  water  quality  requirements  are  not  too 
stringent.  It  is  evident,  therefore,  that  the  feasibility  of  wastewater  reuse  in  any  region 
must  be  evaluated  on  the  basis  of  all  local  conditions  and  factors. 

In  assessing  the  feasibility  and  desirability  of  wastewater  reclamation  in  North  Central 
Texas,  it  is  reasonable  to  inquire: 

1.  U hat  is  the  need  for  supplemental  water  supplies,  now  and  in  the 
foreseeable  future? 

2.  In  what  manner  can  wastewater  best  be  conserved  and  reused  in  this 
region? 

.1.  U hat  are  the  potential  markets  for  renovated  wastewater? 

4.  What  are  the  criteria  of  water  quality  for  such  beneficial  uses? 

5.  Uhat  policy  of  wastewater  reclamation  is  recommended  for  North 
Central  Texas? 

These  questions  are  considered  in  the  following  discussion. 
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THE  NEED  FOR  SUPPLEMENTAL  WATER 

\l  present  the  supply  of  fresh  water  for  the  study  area,  including  imported  supply 
from  the  adjacent  Sabine  River  watershed,  appears  to  be  adequate  for  municipal, 
recreational,  industrial,  and  agricultural  demands,  as  reported  in  the  Texas  Water 
Plan.  Indeed,  with  continued  maintenance  of  existing  systems,  extended  distribution, 
and  planned  water  works  expansion,  the  natural  supply  of  fresh  water  in  the  Upper 
I riii it \ River  basin  should  be  adequate  to  meet  anticipated  population  growth  and 
industrial  expansion  for  about  20  years  (to  1990).  Thereafter,  according  to  the  Texas 
W ater  Plan,  the  l pper  Trinity  River  basin  w ill  need  an  imported  supplemental  supply 
increasing  to  about  250.000  acre  ft  per  year  by  year  2020  even  with  allowances  for  the 
reuse  of  return  flows  downstream  from  Dallas  and  Fort  Viorth. 

The  Water  Plan  indicates  that  supplemental  water  may  not  be  needed  in  the  North 
(Central  Texas  region  for  about  20  years.  However,  cooling  water  requirements  for  the 
rapidly  growing  electric  power  industry  in  the  region  will  probably  involve  reuse 
much  sooner.  It  i-  prudent,  therefore,  for  water  supply  and  wastewater  authorities  to 
plan  now  for  eventual  reuse  of  the  wastewater  and  to  develop  through  research  and 
demonstration  plants  the  optimum  techniques  and  design  to  produce  polished 
effluent  of  the  necessary  quality.  Such  a plant  is  presently  in  operation  at  the  Dallas 
W astewater  Reclamation  ( Center. 

There  is  another  facet  of  overall  water  management  in  North  Central  Texas  that  adds 
credence  to  the  feasibility  of  wastewater  reuse  in  this  region.  The  Texas  W ater  Quality 
Requirements  (as  of  October  1967).  discussed  in  Chapter  III.  are  such  that  a high 
degree  of  wastewater  treatment  must  he  provided  for  all  sewage  before  discharge  to 
the  Trinity  River  and  its  tributaries.  For  example,  dissolved  oxygen  (D.O. ) 
concentration  in  the  Trinity  River  downstream  from  Dallas  is  restricted  to  a minimum 
of  4.0  mg/1.  Present  concentrations  are  frequently  less  than  this  limit,  especially 
during  dry  summer  months.  Sewage  treatment  and  low  flow  augmentation 
requirements  to  meet  a I).  ().  concentration  of  4.0  mg/1  are  discussed  in  Chapter  X. 
For  water-contact  recreational  areas  the  geometric  mean  concentration  of  fecal 
coliform  bacteria  is  limited  to  200  per  100  ml.  Thus,  a high  degree  of  disinfection  is 
indicated. 

These  water  quality  requirements  are  not  likely  to  be  relaxed  or  their  enforcement 
waived.  Indeed,  the  trend  in  Texas  and  nationwide  has  been  toward  even  stricter 
standards.  To  meet  them  will  require  a high  degree  of  very  reliable  biological 
secondary  treatment  and  or  advanced  wastewater  treatment  as  discussed  in  Chapters 
l\  and  X.  Higher  degrees  of  treatment  will  be  required  by  the  construction  of  the 
Trinity  River  canalization  project  with  its  multiple  locks,  deeper  water,  and  relatively 
quiescent  pools.  \\  hen  it  becomes  necessary  to  provide  tertiary  or  advanced  treatment 
to  wastewater,  even  for  discharge  to  the  river,  the  quality  of  such  effluent  may  be 
suitable  for  several  categories  of  reuse,  as  described  later  in  this  section.  For  example, 
it  mav  be  feasible  for  Dallas,  Fort  Worth  or  other  cities  to  sell  such  high-grade 
wastewater  to  industry  for  at  least  one  reuse  before  eventual  discharge  to  the  Irinity 
River. 

CATEGORIES  OF  POSSIBLE  REUSE 

The  reutilization  of  treated  wastewater  may  be  "indirect  or  direct”.  Implementation 
of  either  category  requires  the  thorough  prior  consideration  of  water  hy  giene  to  assure 
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that  reuse  does  not  lead  to  the  spread  of  disease.  Indirect  utilization  is  considered  to 
occur  where  treated  wastewater  loses  its  identity  h\  dilution,  blending,  and  or  natural 
treatment.  It  takes  place  when  return  Hows  to  rivers  such  as  the  Trinit)  Kiver  are 
diluted  and  later  reused  hy  downstream  entities.  Indirect  reutilization  also  occurs  as  a 
result  of  groundwater  recharge  from  such  sources  as  septic  tank  drainage  and  effluents 
from  wastewater  treatment  plants  which  are  discharged  to  land  for  infiltration  into 
pervious  soil  and  percolation  to  groundwater  basins.  Here  the  effluent  is  subjected  to 
a very  high  degree  of  natural  treatment  and  quickly  loses  its  idcntitv  b\  blending  with 
natural  groundwater. 

Direct  reutilization  of  treated  wastewater  (municipal  and  industrial)  is  a frequent 
practice  in  Texas  and  throughout  the  arid  regions  of  the  l ,S.  Vmong  the  major  direct 
uses  being  practiced  are  (a)  irrigation  of  crops,  grazing  land,  greenbelts.  parks,  golf 
courses,  and  cemeteries,  (b)  recreational  lakes  for  boating,  fishing,  and  even  bathing, 
(c)  industrial  process  water,  and  (d)  industrial  cooling  water,  especiallv  for  steam- 
electric  power  plants. 

In  a tew  rare  instances,  to  date,  treated  sewage  has  been  used  in  a quasi-direct  manner 
for  municipal  water  supply.  A classic  example  of  such  use  occurred  at  (ihanute, 
Kansas*  in  1956.  as  described  by  Metzler  el  al.  The  Texas  Water  Plan  notes  that 
"Renovation  of  municipal  and  industrial  wastewaters  for  direct  municipal  reuse 
presently  is  technically  feasible  and  may  he  economically  practical  in  the  future.  In 
Texas,  as  elsewhere  throughout  the  nation,  extensive  reuse  for  such  purposes  is 
improbable  in  the  near  future”.  The  North  Central  Texas  region  has  an  extensive 
system  of  water  storage  reservoirs  which  in  general  is  expected  to  he  adequate  to  meet 
municipal  water  supply  needs  through  1990.  Thereafter,  reuse  for  domestic  purposes 
is  expected  to  he  needed.  In  general,  therefore,  there  appears  to  he  no  need  to 
consider  direct  reuse  for  municipal  water  supply  in  this  region.  However,  other  direct 
uses  as  well  as  indirect  methods  of  reuse  are  worthy  of  consideration  and  are  discussed 
below.  The  applicability  of  these  and  other  methods  for  the  treatment,  per  se,  of 
wastewater  is  discussed  later  in  this  Chapter  under  "Advanced  W aste  Treatment" 

Ground water  Rwhargv.  Wastewater  that  has  received  sufficient  pretreatment  may  he 
added  to  the  natural  groundwater  supplies: 

(a)  Hy  intermittent  spreading  on  natural  soil  or  artificial  sand  beds. 

( h ) Hy  sprinkler  irrigation  of  crops  or  w ood land,  and 

(e)  Hy  direct  injection  into  recharge  wells.  This  latter  method  is 

applicable  where  the  presence  of  an  aquarludc  prevents  percolation 

from  the  surface  into  a suitable  groundwater  basin  or  aquifer. 

Intermittent  percolation  from  a spreading  basin  normallv  is  to  he  preferred  to 
pressurized  injection  into  a confined  aquifer.  Intermittent  percolation  provides  a 
high  degree  of  aeration  that  promotes  oxidation  of  carbonaceous  organic  matter  and 
ammonia  nitrogen.  In  contrast,  the  only  oxygen  available  to  injected  water  is  that 
which  is  already  dissolved  in  such  water  prior  to  injection.  Furthermore,  intermittent 
percolation  will  generally  work  quite  effectively  even  when  the  water  being  spread 
contains  pinpoint  activated  sludge  floe  or  moderate  concentrations  of  algae.  These 
substances  will  rapidly  clog  an  injection  well  and  hence  they  must  he  removed  In 
controlled  filtration  before  injection. 
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The  rate  at  which  a good  activated  sludge  effluent  can  be  spread  on  a natural  soil  bed, 
da\  after  day  and  month  after  month  for  main  years  without  extensive  resting  or 
repairs,  is  a function  of  the  soil  characteristics  (median  grain  size  and  geometric 
deviation),  soil  chemistry,  depth  to  groundwater,  the  organic  content  ol  the  effluent, 
and  the  frequency,  duration,  and  depth  of  application.  With  a highly  stabilized 
activated  sludge  effluent,  an  average  hydraulic  loading  rate  of  1.0  it  per  day.  with  the 
surface  of  the  bed  being  dry  for  more  than  12  hours  each  day,  was  sustained  by 
McMichael  and  McKee  at  W hittier  Narrows  through  an  agricultural  soil. 

The  soils  near  the  Fort  Worth  and  Dallas  sewage  treatment  plants,  however,  do  not 
appear  to  he  nearlv  so  amenable  to  surface  spreading  and  intermittent  percolation 
into  groundwater  basins  or  aquifers.  The  generalized  soil  map  (Fig.  IN  -•'!)  shows  these 
soils  to  he  dark  brown  to  dark  gray  crumbly  calcareous  clay  at  the  surface.  10  to  40 
inches  thick,  over  dark  gray  firm  calcareous  day.  It  is  unlikely  that  such  soils  could 
sustain  an  average  hvdraulic  loading  and  subsequent  percolation  of  even  0. 1 ft  per  day. 
which  is  equivalent  to  0. 1 acre  ft  per  acre  per  day  or  32.600  gallons  per  acre  per  day. 

\t  a loading  of  0.1  ft  per  day  . approximately  3,000  acres  (4.7sq  mi)  of  spreading  basins 
would  he  needl'd  now  for  intermittent  percolation  at  Dallas  and  about  1.800  acres  (2.8 
>q  mi)  at  Fort  Worth.  Future  area  requirements  would  he  proportionately  higher  as 
flows  increase.  The  purchase  of  such  extensive  acreage  and  its  maintenance  with 
respect  to  weed  growth  and  mosquito  control  would  he  costly  and  the  location  of  large 
spreading  basins  near  population  centers  would  be  undesirable. 

Fven  if.  through  graded  sand  topped  with  pea  gravel  and  coarse  rocks,  a high  rate  ol 
infiltration  could  he  achieved,  the  subsurface  geology  in  this  part  ol  Texas  does  not 
lend  itself  to  ground  water  recharge  and  si ihscqtieiil  recovery  for  municipal, 
industrial,  or  agricultural  water  supplv.  The  Trinity  Group  and  Woodbine  Nquifers. 
which  underlie  much  of  North  Central  Texas,  are  relatively  tight  and  not  conducive  to 
wells  of  large  specific  capacity  (gpm  per  ft  of  drawdown).  Although  many  of  these 
aquifers  were  once  artesian,  the  total  availability  of  water  from  them  has  been  very 
small,  compared  with  surface  supplies.  In  1965,  for  example,  only  about  4.3  percent  ol 
the  Dallas  water  supply  came  from  groundwater,  and  water  levels  in  such  wells  were 
generally  300  to  1.000  ft  below  the  surface. 

Thus,  intermittent  percolation  does  not  appear  feasible  in  North  Central  Texas  as  a 
means  of  groundwater  recharge. 

Sprinkler  irrigation  has  been  used  successfully  for  disposal  of  some  industrial  wastes 
(e.g.  by  the  Campbell  Soup  Company  at  Paris.  Texas,  and  at  Sumter.  South  Carolina), 
and  for  seasonal  wastes  at  State  and  Federal  forest  camps.  In  most  instances,  primary 
or  secondarv  effluent  is  sprinkled  over  cultivated  or  forested  land  with  the 
expectation  that  part  of  the  water  will  evaporate,  part  will  he  transpired  by  the 
vegetation  and  the  remainder  will  percolate  into  the  soil  or  perhaps  he  purified  by 
slow  overland  surface  run-off. 

The  best  rate  of  application  ever  recorded,  which  involved  sprinkling  in  a heavily 
forested  area,  was  100  ft  per  v ear.  or  about  3.25-in  per  day.  \ t Paris.  I exa.».  t he  rate  of 
application  was  onlv  0.25-in  per  day.  or  about  7.5  ft  per  year.  Sprinkler  irrigation  has 
been  used  primarilv  as  a means  for  effluent  disposal  and  not  for  groundwater  recharge 


\ 1-5 


or  wastewater  reuse.  For  groundwater  recharge,  it  is  generally  less  effective  than 
intermittent  sand  or  soil  percolation  and  may,  therefore,  he  considered  not  feasible  in 
the  North  Central  Texas  area. 

Direct  injection  of  treated  sewage  through  pressurized  recharge  wells  into  deep 
pervious  strata  has  been  practiced  by  the  Los  Angeles  Countv  Flood  Control  District 
and  other  agencies  in  California  to  establish  fresh-water  harriers  against  salt-water 
intrusion  in  coastal  areas.  Direct  injection  of  oil-field  brines  has  also  been  practiced 
extensively  in  I exas  under  the  superv  ision  of  the  Texas  Railroad  Commission.  Limited 
disposal  of  liquid  wastes,  other  than  that  from  oil  or  gas  production,  has  been 
regulated  by  the  Texas  Water  Development  Hoard  under  a stringent  permit  system. 
No  major  injections  of  either  category  of  liquid  wastes  have  taken  place  in  the  North 
Central  Texas  area  to  the  best  of  our  know  ledge. 

Direct  injection  has  several  inherent  advantages  over  intermittent  spreading  and 
sprinkler  irrigation:  but  also  some  serious  draw  backs.  Among  the  favorable  factors  are 
the  minimal  surface  area  requirements,  the  freedom  from  extensive  grading  and  earth 
moving,  the  absence  of  possible  odors,  and  the  unobtrusive  appearance  of  injection 
structures  above  ground  in  contrast  with  spreading  basins.  Disadvantages  include  the 
necessity  lor  sand  or  diatomite  filtration,  chlorination,  and  other  possible 
pretreatment  before  injections,  the  absence  of  any  mechanism  for  maintenance  of 
acrobiosis  after  a soil-water  contact  and  the  necessity  for  cleaning  and  redeveloping 
the  recharge  wells  periodically.  with  sprinkler  irrigation,  recharge  wells  have  been 
used  primarily  as  means  of  waste  disposal  and  not  as  a mechanism  for  wastewater 
recovery  and  reuse.  If  practiced  within  the  North  Central  Texas  region  direct  recharge 
would  be  subject  to  the  severe  capacity  limitations  imposed  b\  the  Trinity  Croup  and 
Woodbine  Aquifers  as  discussed  above.  The  1 S.  Geological  Survey  lias  recently 
started  a research  program  on  deep  well  disposal  of  wastes  to  determine  what  effect 
such  disposal  may  have  on  the  underground  env  ironment  and  to  assess  the  level  of  risk. 

In  summary,  groundwater  recharge  by  any  ol  the  methods  described  above  does  not 
appear  feasible  in  North  Central  Texas  for  large-scale  water  renovation  and  reuse. 

Agricultural  Irrigation.  \s  noted  in  the  Texas  Water  Plan,  the  “use  of  municipal 
effluents  lor  irrigation  is  an  accepted  pract ice  in  many  parts  of  t he  1 nited  States  and  is 
also  practiced  in  Texas,  particularly  in  the  western  part  of  the  State.  \ survey  of  1,200 
Texas  cities,  conducted  by  Texas  Technological  College  for  the  Hoard,  indicated  that 
part  or  all  of  the  sewage  effluent  from  135  towns  and  c ities  in  the  State-  was  being  used 
for  irrigation  of  an  agricultural  crop  in  1965”.  This  practice  is  carefully  regulated  bv 
the  Texas  State  Department  of  Health. 

Irrigation  with  treated  sewage  has  been  practiced  in  the  l nited  States  primarily  for 
the  water  content,  as  a substitute  for  scarce  natural  waters  or  sparse  rainfall  in  arid 
areas.  In  many  other  more  humid  parts  ol  the-  world  municipal  effluents  have  been 
used  lor  irrigation  largely  as  a source  of  nitrogen,  phosphorus,  and  other  nutrient 
substances. 

With  average  annual  rainfall  of  about  34-in  per  year.  North  Central  Texas  generally 
has  had  little  need  for  irrigation  even  by  natural  waters,  except  during  years  of  severe 
drought.  Inless  and  until  a demand  for  extensive  irrigation  with  surface  or 
groundwaters  develops,  there  will  he  no  large  market  for  waste  water,  as  an  economic 
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substitute  for  natural  irrigation  water.  Small  wastewater  irrigation  projects  mat  be 
expected  to  develop  in  isolated  local  areas  when  the  feasibility  is  apparent,  and  w hen 
high  quality  treated  wastewater  becomes  available.  However  irrigation  on  a large  scale 
does  not  appear  applicable  in  North  Central  Texas  as  a method  of  wastewater 
reclamation  and  reuse. 

Recreational  Lakes.  In  arid  areas  remote  from  natural  surface  waters,  the  use  of  highly 
treated  sewage  tor  recreational  lakes  has  proved  to  be  popular,  especially  from  the 
viewpoint  of  public  relations.  The  most  publicized  example  has  been  Santee, 
California,  where  disinfected  polished  effluent  is  used  in  lakes  for  boating,  fishing, 
and  even  bathing,  with  a high  degree  of  public  acceptance. 

Fortunately.  North  Central  Texas  is  blessed  with  numerous  impoundments  of  natural 
surface  water,  many  of  which  are  available  for  recreational  use.  There  appears  to  be  no 
need,  therefore,  to  create  artifical  lakes  of  sewage  effluent  for  recreation.  In  severe 
droughts,  however,  it  may  be  desirable  to  pump  some  highly  treated  municipal 
effluent  into  certain  impoundments  to  maintain  water  levels,  as  discussed  under 
"Cooling  Water"  below.  Such  maintenance  of  water  levels  would  have  recreational 
advantages,  bill  may  lead  to  serious  problems  of  accelerated  eutrophication. 
Futrophieation  is  discussed  in  Chapter  III. 

Industrial  Process  R ater.  The  reutilization  of  wastewater  by  industry  may  he  divided 
into  two  categories,  (a)  the  in-plant  recycling  and  reuse  of  industrial  waters,  and  ( b ) the 
purchase  and  use  of  adequately  treated  municipal  wastewater.  Process  water  is 
considered  to  include  all  waters  required  in  production  operations  hut  not  including 
cooling  waters. 

Ihe  first  category,  in-plant  recirculation,  is  very  common  in  Texas,  especially  in  the 
manufacture  of  paper,  petroleum  products,  rubber  and  plastic,  lumber  and  wood 
products,  natural  gas  products,  and  main  others  as  reported  in  Table  11-3  of  the  Texas 
Water  Plan.  \s  an  example  of  water  conservation  from  reuse,  the  national  average 
water  requirement  for  manufacturing  a ton  of  steel  is  65.000  gal.  hut  by  the 
recirculation  and  treatment  of  industrial  effluents,  the  Kaiser  Steel  plant  at 
Fontana. California,  requires  only  1.000  gal  per  ton.  Such  recirculation  diminishes 
total  water  demand  and  promotes  conservation  of  valuable  fresh-water  supplies. 

The  second  catergory . use  of  municipal  wastewater  for  industrial  processes  (other  than 
cooling  water  and  boiler  feed  water),  has  had  limited  application,  owing  largely  to 
strict  water  quality  requirements  for  direct  process  water.  V prime  example  of  such 
use  occurs  in  Maryland  where  the  licthlchem  Steel  Company  purchases  the  well- 
oxidized  activated  sludge  effluent  from  the  city  of  Baltimore  and  uses  if  for  numerous 
operations  in  steel  production.  \t  several  locations  in  Texas  (e.g.  Odessa.  Amarillo,  Big 
Spring)  municipal  effluents  have  been  used  for  secondarv  oil  recovery  , as  well  as  for 
cooling  and  boiler  feed  water. 

The  industrial  market  for  the  use  of  municipal  effluents  as  process  waters  in  North 
(Central  Texas  will,  at  best,  he  very  limited,  for  two  reasons;  (a)  there  are  not  now.  nor 
are  there  likelv  soon  to  he.  many  large  water-using  industries  such  as  petrochemical 
plants,  refineries,  pulp  and  paper  mills,  tanneries,  etc.,  in  this  area,  and  (b)  most 
industries  likely  to  locate  in  this  area,  such  as  food-processing,  electronic 
manufacturing,  and  electroplating  plants  require  process  water  of  very  high  quality. 
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The  present  use  of  water  (Ironi  both  municipal  and  well  supplies)  by  all  industries  in 
both  the  Dallas- Fort  Worth  area  (other  than  for  steam-electric  power  production)  is 
onh  about  ten  percent  of  the  discharge  of  municipal  effluents  from  these  cities.  'I  Inis, 
it  is  evident  that  the  industrial  processes  inherent  to  the  economy  of  North  Central 
Texas  are  not  likely  to  become  lafge  markets  for  reclaimed  water. 

Cooling  Water.  Manx  industrial  operations  involve  the  dissipation  of  excess  heat.  This 
thermal  adjustment  is  generally  accomplished  by  transfer  ol  the  heat  through  cooling 
coils  to  circulating  water.  \\  here  water  is  abundant,  it  is  circulated  only  once  through 
the  cooling  coils,  then  discharged  to  a stream,  lake,  or  ocean.  W hen  natural  water  is 
scarce,  it  is  recirculated,  frequently  through  a circuit  of  heat-transfer  coils  and  cooling 
towers  w hich  release  the  heat  to  the  atmosphere. 

In  areas  of  water  scarcity,  the  largest  industrial  use  of  reclaimed  wastewater,  by  tar. 
has  been  for  cooling.  In  Texas,  municipal  effluents  at  Big  Spring.  Amarillo,  and 
Odessa  have  been  used  as  cooling  water  at  refineries  and  petrochemical  plants.  \ 
similar  market  is  not  apparent  in  the  study  area  because  there  are  no  major  refineries, 
and  none  have  been  announced  for  the  foreseeable  future.  The  largest  refinery  in  the 
studv  area  is  the*  Fort  \\  orth  Refining  Company  which  uses  about  0.55  mgd  of  w Inch  80 
percent  isobtained  from  wells.  Inventory  data  on  this  refinery  are  in  Vppendix  C. 

A much  larger  potential  industrial  user,  however,  exists  in  the  sleam-i  lertric  power 
industry.  The  demand  for  electric  power  in  the  North  Central  Texas  region  is  doubling 
every  seven  years,  and  the  need  for  cooling  water  may  be  expected  to  keep  pace.  \s 
discussed  below,  the  use  of  treated  wastewater  In  the  steam-electric  power  industry  in 
the  study  area  is  considered  feasible  from  the  standpoints  of  both  av  ailability  ol  water 
for  cooling  and  potential  market  for  the  water. 

ELECTRIC  POWER  PLANT  l TILIZATION 

\\  ith  the  exception  of  a few  relatively  small  municipal  plants  (e.g.  Denton. Carland. 
Greenville.  Commerce),  all  electric-utility  power  in  North  Central  Texas  is  generated 
and  distributed  by  three  operating  companies  which  are  subsidiaries  of  the  Texas 
Ltilities  Company.  The  operating  entities  are  (a)  Dallas  Power  Light  Company,  which 
serves  Dallas  and  some  suburban  areas,  all  in  Dallas  County  .(h)  Texas  Electric  Serv  ices 
Companv  w hich  serves  Tarrant  County  and  ft)  other  counties  of  north-central  and  west 
Texas,  and  (c)  Texas  Power  and  Light  Company  which  serves  areas  north,  east,  and 
south  of  Dallas,  embracing  a total  of  52  counties.  The  three  sv  stems  are  interconnected 
at  several  points  with  each  other  and  with  the  Houston  Light ing  and  Power  < Company . 

Table  \ I - 1 presents  data  relative  to  the  steam-electric  power  plants  in  or  near  the 
NCTCOG  area,  with  a brief  descript  ion  of  the  sources  of  cooling  water.  <M  the  eleven 
plants  listed,  seven  with  a combined  generating  capacitv  of  1.172.6  megawatts  of 
installed  electrical  capacity  (MW  c).  utilize  impounded  water  as  a source  of  cooling 
water  and  as  a heat  dissipator  for  returned  water.  I he  other  four  plants  w ith  a 
combined  generating  capacity  of  884.7  MW  e have  cooling  towers,  for  which  the  make- 
up water  is  pumped  from  deep  wells  in  the  Trinity  Sands  aquifers. 

Cooling  water  requirements  for  the  eleven  power  plants  have  been  estimated  at  about 
56  mgd  based  on  the  present  utilisation  of  cooling  towers  (16  percent)  and  lakes  (81 
percent)  as  indicated  in  Table  \l  I.  Representatives  of  the  Dallas  Power  iV  Light 
Gompanv.  Texas  Electric  Service  Company  and  Texas  Power  <N  Light  Company  have 


furnished  information  from  which  the  table  was  prepared.  Within  ten  years  water 
requirements  are  expected  to  more  than  double  as  a result  of  increased  power  needs 
and  the  greater  proportion  of  cooling  accomplished  with  cooling  towers.  By  the  year 
2020.  water  requirements,  based  on  existing  cooling  technology,  will  become  a major 
problem  for  the  power  industry. 

Inasmuch  as  most  of  the  capacity  at  the  Trinidad  and  Big  Brown  plants  will  be 
available  lor  use  within  the  MTf'OG  area,  the  total  installed  generating  capacity  in 
1070  for  steam-electric  power  will  be  about  5.550  MW  e as  shown  in  Table  \ I - 1 if  other 
tie-ins  are  disregarded.  If  the  power  demand  continues  to  increase  at  a rate  of  10.6per- 
cen t per  v ear.  the  total  demand  by  the  year  1000  will  be: 

5550  ( 1. 1 06 )-°=  41,600  MWe 

( )n  this  basis  it  would  be  necessary  by  1000  to  construct  new  plants  w ith  a total  capacity 
of  .46.000  MW  e.  or  perhaps  even  more  as  older  plants  become  obsolescent,  to  serve  the 
NCTCOO  area.  Some  of  these  plants,  to  he  sure,  may  he  located  outside  of  the  North 
(Central  Texas  area,  hut  for  economic  reasons  much  of  the  new  capacity  will  probably 
he  constructed  w ithin  this  area. 

!•  i tiding  sufficient  cooling  water  for  all  of  the  required  new  capacity  will  not  be  an  easy 
task.  Most  of  the  available  reservoir  sites  for  surface  cooling  have  been  utilized  or  pre- 
empted. f urthermore,  supplies  from  groundwater  are  severely  limited.  Finally,  it  is 
unlikely  that  pristine  water  from  municipal  supplies  will  be  available  for  cooling 
tower  make-up.  It  is  logical,  therefore,  to  consider  locating  new  power  plants  in  the 
y icinity  of  municipal  wastewater  facilities  so  that  high  quality  effluent  can  be  used  for 
cooling  lowers. 

Ilow  much  of  the  water  resources  ol  North  Central  Texas  can  he  conserved  if 
wastewater  effluent  is  used  for  all  of  the  46.000  MWe  of  new  electrical  capacity?  At 

21.000  gpd  per  MWe  for  cooling  tower  make-up  water  and  a 50  percent  average  load 
factor,  the  water  requirement  would  he  442  mgd,  or  184,000  acre  ft  per  year.  This 
quantity  is  greater  than  the  450.000  acre  It  ol  supplemental  supply  needed  by  the  year 
2020.  as  estimated  in  the  Texas  Water  Plan.  Moveover,  about  one-fourth  of  the 
makeup  water  will  hi'  available  as  return  water  Irom  cooling  tower  blow-down.  It 
appears,  therefore,  that  the  effective  use  ol  municipal  wastewater  by  the  power 
industry  might  preclude  the  need  for  imported  supplementary  water  supply  for  this 
purpose. 

For  onee-lhroligh  cooling  water  restricted  to  a temperature  rise  of  10°C.the  water 
requirement  averages  about  1.000.000  gpd  per  MWe.  When  cooling  towers  are  used, 
about  2 f. 000  gpd  per  M W e ( 1.0  gallon  per  kW  hour)  is  required  for  evaporative  losses 
and  blow-down  to  prevent  salt  accumulation.  If  the  cooling  water  is  recirculated 
through  lakes  to  provide  natural  surface  cooling,  the  loss  by  evaporation  is  only  about 

8.000  gpd  per  MWe  in  North  Central  Texas.  The  actual  water  loss,  of  course,  will 
depend  on  the  load  factor  and  in  most  cases  will  be  about  half  of  the  foregoing  figures 
on  a megawatt-hour  basis. 

Some  ol  the  impoundments  listed  on  Table  \ I - 1 serve  also  as  sources  of  municipal 
water  sup p I v . \ thorough  description  of  existing  reservoirs  is  presented  in  Chapter  II. 
During  normal  or  wet  years,  w hen  surface  water  supplies  are  adequate,  these  lakes  can 
he  kept  nearly  full,  so  that  there  is  no  conflict  of  interest  between  utility  and 
municipal  uses.  But  during  dry  years  or  droughts,  the  draw-down  of  a reservoir  for 
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municipal  demand  will  place  severe  restrictions  on  cooling  water  service,  both  by 
lowering  the  water  surface  elevation  and  b\  decreasing  the  surface  area  needed  for 
evaporative  cooling  (about  one  acre  per  megawatt  production).  In  fact,  some  of  the 
lakes  and  tributary  drainage  areas  (e.g.  Mountain  Creek  and  Trinidad  Plants)  arc 
sufficient  for  present  needs  but  may  require  make-up  water  from  other  sources  when 
additional  capacity  is  added. 

The  electric  power  utility  companies  in  North  Central  Texas  ha\e  already  given 
preliminarv  consideration  to  the  use  of  well-treated  municipal  effluents,  especially  as 
make-up  water  for  cooling  towers.  The  city  of  Denton  now  has  plans  lor  using  sewage 
effluent  for  the  operation  of  its  municipal  power  plant.  Conceivably,  effluent  from 
the  Dallas  municipal  wastewater  plant  could  be  used  at  the  Dallas  Central  power 
station,  and/or  at  the  Parkdale  plant,  in  lieu  of  deep  well  water  from  limited  aquifers. 
Effluent  might  also  be  used  during  droughts  to  supplement  the  natural  run-off  into 
surface  impoundments  that  are  not  used  for  municipal  water  supply,  (e.g.  Mountain 
Creek  Lake),  but  this  practice  would  lead  to  concomitant  problems  of  accelerated 
eutrophication. 

As  indicated  above,  many  new  electric  power  plants  will  have  to  be  built  in  the  next 
decade.  Whether  they  derive  beat  from  fossil  fuels  or  nuclear  fission,  they  will  need 
condenser  cooling  water  in  great  quantities.  W ith  a limit  to  the  availability  of  natural 
reservoir  sites,  and  w ith  competition  for  their  use  by  growing  municipal  demands,  the 
electric  power  industry  should  surely  give  serious  attention  to  the  direct  use  ol  well- 
treated  municipal  wastewater  for  cooling  tower  make-up. 

Advantages.  It  might  be  to  the  mutual  benefit  of  both  the  power  industry  and  the 
municipalities  for  new  electric  power  plants  to  be  located  adjacent  to  municipal 
sewage  treatment  plants.  The  power  plants  might  take  make-up  water  from  tertiary 
treatment  lagoons  or  bolding  ponds,  and  discharge  blow-down  water  hack  to  the 
municipal  treatment  plant  or  the  river,  as  shown  on  l ig.  XI-1. 

The  slightlv  elevated  temperature  of  the  blow-down  water,  when  returned  to  the 
treatment  plant,  will  undoubtedly  be  beneficial  to  biological  treatment  processes,  by 
accelerating  the  rate  mechanisms.  In  addition,  hack  pressure  steam  from  the  power 
plant  might  he  used  to  evaporate  a portion  of  the  municipal  wastewater  to  produce 
mineral-free  water  that  would  have  main  potential  uses.  The  power  companies  might 
also  he  interested  in  surplus  digester  gas  for  operation  of  gas  turbines  during  peak 
loads. 

Advantages  may  be  expected  to  accrue  to  both  the  electric  power  plant  industry  and 
municipalities  through  utilization  of  t reated  w aste water  for  cooling  water. 

Advantages  to  Power  Plant  Industry  are: 

1.  Consistent  availability  of  cooling  water  for  power  plant  in 
sufficiently  great  quantities. 

2.  Location  of  cooling  water  source  near  power  demand  centers. 

.1.  Permit  future  power  plant  expansion  unlimited  by  potential 
shortage  of  cooling  w ater. 
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Advantages  to  Munici/mlities  (ire: 

1.  Heady  market  for  treated  wastewater  with  Mgnifieant  revenue 

possible  from  its  sale. 

2.  \\  a i la  hi  I it  y of  e lee  trie  power  in  large  quantities. 

3.  Elevated  temperature  of  blow-down  water  will  benefit  biological  processes. 

(Consider  a hypothetical  population  of  500.000  discharging  a mean  annual  wastewater 
flow  of  50  mgd.  This  population  in  North  Central  Texas  would  require  at  present  an 
installed  electrical  generating  capacity  of  about  1.8  1\W  per  capita,  with  a load  factor 
of  about  55  percent,  i.e.  a 900  M'Se  plant  is  needed,  but  its  average  output  would  he 
onl\  about  500  M'S  e.  The  average  flow  of  water  through  the  condenser  cooling  circuit 
of  the  power  plant  would  have  to  be  about  500  mgd  if  the  temperature  increment  is 
limited  to  10°C(18°F),  which  is  standard  for  most  steam  turbine  systems.  It  would  be 
impractical  to  circulate  all  of  this  500  mgd  flow  through  a 50  mgd  wastewater 
treatment  plant,  so  cooling  towers  would  be  indicated.  Such  cooling  towers  could 
function  with  a little  as  12  mgd  make-up  water  on  the  average,  or  about  22  mgd  during 
peak  operation,  and  the  design  of  treatment  plants  should  include  these  flows  when 
appropriate.  Cost  estimates  for  treatment  plants  proposed  in  this  report  do  not 
however  include  allowances  for  cooling  water  return  flows. 

How  much  should  this  hypothetical  city  charge  the  power  plant  for  an  average  flow  ol 
12  mgd  of  adequately  treated  wastewater’/  How  much  is  the  power  plant  justified  in 
paving/  Quite  obviously,  the  wastewater  should  be  sold  at  a price  that  reflects 
equitablv  the  benefits  and  costs  to  the  ci tv  and  power  plant.  The  price  that  the  power 
plant  is  likelv  to  pay  will  depend  upon  an  evaluation  of  alternative  sources  ol  cooling 
water,  the  added  cost  of  cooling  towers  and  their  operation,  and  the  cost  ol  disposal  ol 
hlow-dow  n w ater. 

It  the  power  plant  purchased  cooling  tower  make-up  water  from  the  municipal 
supplies  of  Dallas  or  Tort  Worth,  the  present  industrial-commercial  water  rate  would 
be  i.K  per  1.000  gal:  however,  this  is  high  quality  domestic  water.  \t  \marillo.  as 
shown  hereinafter,  adequately-treated  wastewater  is  sold  to  a power  compam  for  a 
reported  18c  per  1.000  gal:  at  Los  \lamos  the  use  of  treated  wastewater  in  lieu  of  well 
water  represents  a sav  ing  ol  a least  20c  per  1 .000  gal:  at  Httrbank  the  sav  ing  is  estimated 
at  fc  per  1.000  gal:  and  near  Las  \ egas.  Nevada,  the  purchase  price  is  .’}C  per  1.000  gal. 
Tor  North  Central  Texas,  therefore,  it  would  appear  that  the  equitable  price  for  good 
secondary  effluent  might  be  about  I 0C  per  1 .000  gal  at  t he  t real  merit  plant  site,  with  all 
costs  for  transmission  and  further  treatment  to  be  borne  bv  the  power  company.  For 
highly  treated  effluent,  the  price  might  justifiably  be  higher. 

The  estimated  potential  revenue  to  he  derived  from  the  sale  of  treated  wastewater 
from  treatment  plants  proposed  as  part  of  the  recommended  regional  sewerage  svstem 
(see  < Chapter  \ ) is  show  ii  in  Table  \ 1-2. 


TABLE 

XI-2.  POTENTIAL 

REVENUE  FROM  SALE 

OF  TREATED 

OV 

EFFLUENT 

Sewage  Treatment  Plant 

Average  (1) 

Annual  (2) 

FI  O W 

Revenue 

Node 

Name 

(nigd) 

lD-lbl 

TRA  Ten  Mile  Creek 

16.46 

S 144,000 

IE- 146 

Dallas-South  Side 

43.17 

378.000 

11  175 

Dallas- U bite  Rock 

139.70 

1.224.000 

3D-23 

Duck  Creek 

91.23 

799.000 

4 A- 166 

Trinity  River  Authority 

111.88 

978.000 

5G-180 

A illage  Creek 

163.38 

1.430.000 

TOTALS 

565.82 

S4.953.000 

Notes:  (1)  1990  plant  design  flow. 

(2)  Based  on  10c  per  1,000  gal.  assuming  24  per  cent  of  effluent  sold 
for  cooling  water. 

Quality  and  (.ostsof  Cooling  II  atrr.  The  use  of  adequately-treated  municipal  effluent 
lor  cooling  water  may  possibly  be  viewed  with  apprehension  b\  some  engineers  and 
chemists  in  the  power  industry  who  may  suspect  that  increased  concentrations  of 
organic  nutrients,  calcium  phosphate,  detergents,  and  total  ionic  strength  will  lead  to 
added  problems  ol  microbiological  folding,  scale  formation,  foaming  and  corrosion. 
Experience  at  several  installations  during  the'flast  decade  or  longer,  however,  has 
shown  that  municipal  wastewater  can  he  used  for  condenser  cooling  circuits  w ith  fewer 
problems  and  lower  costs  than  when  well  water  or  another  prist ine  supply  is  used. 

Municipal  effluent  has  been  used  successfully  for  condenser  cooling  water  at 
commercial  steam-electric  plants  at  Amarillo. Texas;  Los  Alamos.  Neyy  Mexico; 
Dennison.  Texas;  Las  A egas.  Nevada;  Richmond.  Indiana;  Lansdale.  I’ennsvlx aniaamd 
Burbank.  ( .a I ifornia.  Such  effluent  has  also  been  used  for  cool ing  tow  ers  of  petroleum, 
natural  gas.  and  petrochemical  plants  at  Odessa.  Big  Springs.  Amarillo. Corpus  Christi 
and  El  Paso.  Texas,  and  Enid  and  Duncan.  Oklahoma.  The  following  discussion  is 
confined  to  the  commercial  power  plant  experience  at  Amarillo.  Los  Alamos. 
Las  Vegas,  and  Burbank,  where  extensive  experience  and  records  are  available:  but 
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before  any  similar  large-scale  use  of  municipal  effluent  in  North  Central  Texas  is 
planned  in  detail,  the  information  from  the  petroleum  industr\  should  also  be 
reviewed  thoroughly. 

I he  Nichols  Station  of  the  Southwestern  Public  Service  Company  near  Vmarillo. Texas 
uses  part  of  the  City  s activated-sludge  effluent.  The  reclaimed  water  is  conveyed  six 
miles  through  an  18-in  cement-lined  steel  pipe  to  the  power  station.  There  the 
wastewater  is  subjected  to  cold  lime-alum  treatment  for  reduction  of  phosphates, 
magnesium,  and  silica.  Orthophosphates  are  decreased  from  about  it)  mg  1 in  the 
wastewater  to  about  1.0  mg  I in  the  cooling  tower  make-up  water,  but  reconcentrated 
to  3.0  mg  I in  the  cooling  water  system.  Robinson  and  Terry  maintain  that  removal  of 
orthophosphates  is  essential  to  prevent  formation  of  insoluble  calcium  phosphate 
scale.  I his  observation  is  not  confirmed  by  experience  at  Los  Vlamos  and  Burbank,  as 
described  below . Vt  the  Nichols  Station,  sulfuric  acid  is  added  to  bring  the  pH  down  to 
7.8  at  the  cooling  towers,  partly  to  minimize  delignification  of  the  redwood  towers  and 
partly  to  control  precipitation  of  calcium  carbonate  in  the  condenser  circuit.  Heavy 
dosages  of  chlorine  are  applied  intermittently  to  control  biological  fouling.  Corrosion 
rates  are  no  higher  than  at  other  plants  using  natural  water.  Foam  is  no  problem.  It  is 
suppressed  by  falling  droplets  in  the  cooling  towers.  Now  that  detergents  are 
biodegradable,  their  concentration  in  the  activated  sludge  effluent  seldom  exceeds  1.0 
mg  I.  Robinson  reports  that  the  total  cost  for  the  initial  unit  of  1.2  mgd.  including 
amortization  of  the  6-mile  pipeline  and  local  lime  treatment  plant,  amounted  in  1060 
to  22c  per  1,000  gal  ($70  acre  It).  \\  hen  the  plant  is  expanded  to  a contemplated  6 mgd. 
the  cost  per  acre  foot  will  be  considerably  less.lt  is  understood  that  reclaimed  water  is 
now  sold  to  the  power  company  at  the  rate  of  18c  per  1.000  gal. 

Cold  lime  treatment  is  also  used  at  the  (dark  and  Sunrise  Stations  of  the  Nevada  Power 
f.ompany  near  Las  Vegas,  to  treat  the  effluent  from  a trickling  filter  plant  of  (dark 
(.ounty  Sanitation  District.  Ihe  lime  treatment  lowers  the  orthophosphates  from 
about  .35  mg  1 to  less  than  1.0  mg  1.  and  it  also  provides  a reduction  in  silica  varying 
from  20  to  60  percent.  V arious  coagulant  aids  have  been  tried  to  supplement  the  lime 
treatment,  but  as  of  May  1966  no  satisfactory  additive  had  been  found.  Vt  the  cooling 
towers,  sulfuric-  acid  is  added  to  maintain  the  pH  in  the  range  of  7.2  to  7.5. Chlorine  is 
added  continuously  to  maintain  a residual  of  1.0  mg  1,  but  in  addition  a heavy  shock 
dosage  is  applied  once  per  week.  Vs  at  Vmarillo.  foaming  has  not  been  a problem.  The 
Nevada  Power  Company  has  a contract  with  the  Sanitation  District  for  a guaranteed 
quantity  of  water  at  $30.00  per  million  gal  (about  $10  per  acre  ft  or  3C  per  1.000  gal). 

I he  cost  of  treatment  at  the  power  station  was  not  disclosed. 

Vt  I ,os  Alamos,  the  Zia  Corporation  is  a contrac  tor  to  the  Atomic  Knergy  Commission 
for  operation  and  maintenance  of  the  water,  gas.  electric,  and  sewage  systems.  The 
water  obtained  from  deep  wells  is  costly  (28c  per  1.000  gal  for  operation  and 
maintenance  alone)  and  the  supply  i-  limited.  Hence,  conservation  of  water  resources 
is  essential.  Sewage  is  treated  in  a standard-rate  trickling  filter  plant  from  which  about 
0.3  mgd  of  effluent  has  been  used  since  1951  for  cooling  tower  make-up  at  the  steam 
electric  plant.  The  only  treatment  provided  at  the  power  plant  has  been  heavy  routine 
chlorination  plus  occasional  shock  loadings.  pH  adjustment,  and  the  addition  of 
polyphosphate,  chromate,  and  zinc  for  corrosion  control.  No  attempt  is  made  to 
remove  phosphates,  magnesium,  silica,  or  turbidity  from  the  trickling  filter  effluent. 
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Kven  with  concentration  factors  of  4 to  5 and  tin-  high  levels  of  phosphate  and  silica 
shown  above,  scale  formation  had  been  so  slight  that  it  was  not  necessarv  to  acid-clean 
the  condensers  in  the  .44  months  that  this  operation  was  used.  W ith  the  pH  at  6.  f. 
delignilication  ol  the  cool ing  tow ers  has  been  almost  non-existent.  There  have  been  no 
problems  for  odors.  Hies  or  other  insects,  or  foaming,  \lgal  growths  were  troublesome 
tor  a while  until  the  operators  learned  to  control  such  growths  In  intermittent  drying 
of  selected  cooling  towers.  Humphrevs  estimates  the  saving  to  the  Zia  Corporation.  In 
Using  treated  sewage  rather  than  well  water,  to  hi'  2<K  per  1.000  gal  (or  about  $65  per 
acre  ft ). 

Information  about  the  Burbank  situation  has  not  vet  been  published,  hut  Mr. 
.1 . 1).  W oodhurn  of  the  Public  Serv ice  Department  has  furnished  the  following  data. 
The  Public  Works  Department  operates  an  activated-sludge  plant  designed  tor  6.0 
mgd.  Part  of  the  effluent  flows  through  a short  pipeline  to  the  City-owned  steam- 
electric  power  plant  (169  MW  e capacitv).  The  cooling  towers  receive  condenser 
circulating  water  (about  116.000  gpm)  at  96  I'  and  cool  it  to  80°  K The  make-up 
effluent  water  to  the  lowers  is  determined  by  the  heat  loading  and  evaporation.  It 
averages  1.0  gal  per  kW  II  (24.000  per  MWe)  with  reclaimed  wastewater,  but  it  was  only 
0.74  gal  per  kW  II  when  softened  well  water  was  used  formerly.  Blow-down  is  about  25 
per  cent  of  the  make-up.  Normallv  the  concentration  factor  is  about  f to  I and  it  is 
controlled  automatical  Iv  bv  conduct  iv  it  v measurements.  When  concentrations  get  too 
high,  the  rate  of  blowdown  is  increased,  and  the  rate  of  make-up  automatically  rises 
also.  In  \ugust  1969  the  make-up  averaged  2.46  mgd. 

\s  at  l.os  Mamas,  no  effort  is  made  to  remove  phosphates,  which  average  about  45 
mg  I in  the  municipal  effluent  and  120-140  mg  I in  the  cooling  circuit.  Sulfuric  acid  is 
added  automatically  to  keep  the  pH  at  6.5.  \t  this  acid  reaction,  calcium  phosphate 
does  not  precipitate  and  form  scale:  hut  a dispersant  polyelectrolv  te  is  also  added  to 
minimize  any  possibilitv  of  scale  formation.  At  this  low  pH.  delignilication  of  the 
redwood  cooling  towers  is  no  longer  the  serious  problem  that  it  was  when  softened 
Itigh-pH  well  water  was  used.  Chlorine  is  added  daily  for  about  an  hour  to  build  up  to 
a residual  of  1.0  to  1.5  mg/1.  This  daily  dosage  controls  microbiological  fouling.  Once 
each  day.  a cup  of  anti -foam ing  agent  is  added  as  insurance  agai list  foam,  which  has  not 
been  troublesome  in  any  event.  It  has  been  estimated  that  the  savings  to  the  City  by 
using  reclaimed  wastewater  is  approximatelvSI4. 50  per  acre  ft  ( (c  per  1.000  gal).  In  the 
foregoing  four  examples,  two  power  plants  used  lime  treatment  for  removal  ol 
ph  nsphates  while  two  controlled  phosphate  scale  formation  and  delignilication  hv 
lowering  the  pH  value.  Both  methods  of  control  have  advantages  and  disadvantage*. 
The  optimum  system  of  quality  control  for  future  plants  in  the  NCTCOC  area  will 
have  to  he  determined  for  each  municipal  effluent  that  mav  be  us ed  for  cooling  tower 
makeup. 

CONCl.l  SIONS  ANI)  KKCOMMKND  VTIONS 

The  reclamation  and  reutilization  of  municipal  wastewater  in  North  Central  Texas 
represents  a potential  means  for  increasing  the  total  water  resources  of  the  area. 
Mthough  supplies  ol  fresh  water  are  generally  adequate  for  present  municipal  uses, 
additional  imported  water  will  probably  he  needed  hv  about  1990.  \ more  urgent  need 
for  additional  water  appears  to  he  developing  in  the  electro  power  generating 
industry.  It  is  prudent. therefore,  to  explore  and  develop  wavs  bv  which  existing  water 
resources  can  he  conserved  hv  reclamation  and  reuse  of  wastewater. 
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The  rationale  for  reuse  is  enhancer!  In  the  fact  that  new  water  quality  requirements  in 
t fie  Trinity  River  system  will  necessitate  a high  degree  of  treatment  of  municipal 
wastewater  plants,  just  for  discharge  to  surface  streams.  The  effluents  from  these 
plants  should  he  suitable  for  several  forms  of  direct  and  indirect  reutilization  with 
little  or  no  additional  treatment. 

\niong  the  classical  forms  of  renovation  and  reuse,  groundwater  recharge  by 
spreading,  sprinkling,  or  direct  injection  is  precluded  by  a tight  clay  soil  mantle  and 
hv  unfavorable  geological  formations  of  pervious  aquifers.  Agricultural  irrigation 
does  not  loom  as  a sizable  market  for  wastewater.  Existing  and  future  recreational 
lakes  in  the  study  area  can  be  replenished  adequately  with  natural  fresh  water,  except 
during  severe  droughts.  The  discharge  of  reclaimed  waters  into  such  lakes  lor 
replenishment  might  lead  to  serious  problems  of  accelerated  eutrophication  but 
should  be  given  consideration.  Process  industries  in  this  area  are  not  likely  to  require 
or  want  large  quantities  of  renovated  municipal  wastewater,  although  some  small  uses 
may  develop. 

The  largest  potential  market,  bv  far.  for  adequately-treated  municipal  effluent 
appears  to  be  the  steam-electric  power  industry.  Vi  ithin  the  next  decade  the 
generating  capacity  for  electric  power  in  North  Central  Texas  will  have  to  be  more 
than  doubled  to  meet  increasing  demand.  Adequate  supplies  of  condenser  cooling 
water  for  such  expansion  will  be  difficult  to  obtain  and  assure.  New  large  power 
stations  might  advantageously  he  located  adjacent  to  municipal  wastewater  treatment 
plants,  to  utilize  treated  effluent  as  makeup  water  for  cooling  towers.  The  locations  of 
treatment  plants  proposed  for  inclusion  in  the  recommended  regional  sewerage  plan 
for  the  North  Central  Texas  study  area  are  shown  on  Fig.  X-l.  Experience  elsewhere 
has  shown  that  adequately-treated  wastewater  cart  he  used  for  cooling  tower  make-up 
with  a minimum  of  trouble  with  a considerable  saving  in  overall  cost,  and  with 
conservation  of  pristine  water  for  other  uses. 

\fter  1990.  depending  on  the  success  of  plans  to  import  needed  water  at  that  time 
(Texas  W ater  Plan),  the  direct  reuse  of  municipal  wastewaters  for  domestic  purposes 
may  become  a necessity. 

The  valuable  assistance  and  comments  obtained  from  members  of  the  NCTCOG  Ad 
Hoc  Committee  on  W astewater  Reuse  are  acknowledged.  Of  particularly  great  value 
have  been  data  and  comments  received  from  Mr.  H.  R.  Drew  of  the  Texas  Electric 
Service  Company,  Mr.  F.  C.  Justice  of  the  Dallas  Power  & Light  Company  and  Mr. 
Robert  (iaudel  of  the  Texas  Power  & Light  Company. 
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ADV  ANCED  WASTEWATER  TREATMENT  PROCESSES 


During  lilt'  past  10  v ears  a variety  of  processes  lia\t‘  Ik  cii  investigated  for  possible  use 
in  obtaining  higher  degrees  of  treatment  than  are  provided  by  the  conventional 
"secondary  treatment  processes.  I hesecan  be  classilied  by  the  type  ol  contaminant  to 
be  removed  as  follows: 

1.  Suspended  solids  removal 

2.  ( Irganics  retnov  al 
.5.  Nutrient  removal 

1.  Inorganic  chemical  removal. 

\ number  of  processes  for  the  removal  of  these  contaminants  are  being  investigated  at 
the  Dallas  Water  Reclamation  Research  Center.  Ibis  ceil  ter  is  described  in  C .hap  ter  I \ . 

SI  SPKNDKI)  SOLIDS  REMOV  AL 

The  processes  for  high  suspended  solids  removal  utilize  equipment  similar  to  or  the 
same  as  those  which  have  been  used  for  some  time  in  water  treatment.  Such 
equipment  included  microstrainers,  diatomaceous  earth  filters  and  rapid  sand  lilters 
either  vv  ith  or  w itliout  a preliminarv  chemical  coagulation  step. 

Either  microstrainers  or  rapid  sand  lilters  can  usually  produce  an  effluent  with  a 
suspended  solids  concentration  of  about  5 mg  I.  from  a good  activated  sludge  or 
trickling  filter  effluent  without  a separate  coagulation  step,  at  a cost  of  from  2 to  K 
per  1.000  gal.  \ separate  coagulation  step,  w hich  would  normally  be  done  primarily  lor 
phosphate  removal,  would  increase  the  cost  but  would  make  it  possible  lor  the  rapid 
sand  filters  to  produce  a higher  qualitv  effluent.  Diatomaceous  earth  filters  do  not 
appear  to  be  economically  competitive  w ith  the  other  processes. 

ORGANIC  REMOVAL 

The  processes  that  have  received  most  attention  for  the  removal  ol  organic  compounds 
from  secondarv  effluents  art’ adsorption,  oxidation  and  foam  separation.  I he  interest 
in  foam  separation  has  largelv  died  with  the  switch  to  biodegradable  surface  active 
agents  in  household  detergents  in  1965.  \ variety  of  oxidizing  agents  have  been 

investigated  on  a laboratory  scale  hut  none  have  appeared  economically  attractive  for 
general  use  as  vet.  Further  investigation  is  continuing,  however. 

Vdsorption  on  activated  carbon  appears  to  he  the  most  generally  useful  process  lor 
removing  the  organic  chemicals  remaining  in  secondary  diluents.  Most  attention  has 
been  given  to  the  use  of  granular  carbon  in  packed  beds  or  filters,  but  lluidizcd  beds 
of  granular  carbon  have  been  studied  as  has  powdered  carbon  in  single  or  multiple 
stages.  \<  t iv  a ted  carbon  filters  are  being  invest  igated  at  Dallas.  ( '.a  r lion  regeneration  is 
necessarv  to  achieve  good  economy  . 

\ 2.5  mgd  plant  at  Lake  Tahoe  California  was  operated  from  1965  to  1967  at  a cost  lor 
carbon  treatment  of  approximated  K per  1.000  gal.  The  carbon  bed  treatment  was 
preceded  bv  coagulation  and  sand  filtration.  \t  Pomona.  California  where  activated 
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sludge  effluent  was  applied  directly  to  activated  carbon,  the  projected  cost  for  a 1 
mgd  plant  based  on  results  from  a 200  gpm  pilot  plant  was  about  8C  per  1.000  gal.  1 
Pomona  the  (Chemical  Oxygen  Demand  (COD)  was  reduced  from  17  to  10  mg  I in  th 
carbon  beds.  In  general,  the  total  removal  of  BOD  in  a plant  utilizing  such  a proves 
follow ing  the  activated  sludge  process  may  be  expected  to  approximate  08  percent. 

Nl'TKIENT  REMOVAL 

Concern  over  eutrophication  lias  prompted  a considerable  amount  of  development  o 
processes  for  removing  phosphate  and  nitrogen  from  wastewaters.  Eutrophication  i 
discussed  in  Chapter  111. 

Phosphate  removal  has  received  the  greatest  attention  and  several  plants  are  not 
operational  in  the  l nited  States.  Most  of  the  processes  are  based  on  precipitation  o 
phosphate  with  either  lime,  an  aluminum  salt  or  an  iron  salt.  1 he  Dallas  facility  vv  i 
investigate  the  use  of  all  of  these  chemicals.  The  chemicals  mat  he  added  to  primar 
tanks,  to  activated  sludge  aeration  tanks  or  in  separate  facilities  followin 
conventional  secondary  treatment.  In  the  treatment  plant  schematic  flow  diagran 
t ig.  \ I-l.  the  chemicals  are  shown  added  to  the  aeration  tanks.  In  some  processes  th 
lime  is  at  least  partially  recovered  by  reealcining  of  the  sludge.  Efforts  at  recoverin 
aluminum  salts  have  not  been  successful  to  date.  Chemical  costs  are  a major  part  of  th 
process  cost.  Removal  efficiency  depends  largely  on  the  amount  of  chemical  fed  and  i 
commonly  of  the  order  of  90  percent.  Typical  costs  run  from  about  5 to  9c  per  1.00 
gal. 

Vi trogen  removal  has  generally  been  bv  biological  denitrification  or  bv  stripping  < 
ammonia.  Nitrogen  concentrations  of  I to  2 mg  I in  the  effluent  may  be  obtained  h 
these  processes.  In  the  former  process  the  soluble  nitrogen  in  the  waste  is  converted  t 
nitrate  usually  in  an  activated  sludge  system.  Nitrification  mav  also  he  accomplishe 
on  trickling  filters.  Biological  wastewater  treatment  process  designed  conventional  I 
for  carbonaceous  and  solids  removal  however,  are  inefficient  and  unreliable  for  th 
removal  of  nitrogen  and  phosphate. 

\ two-stage  activated  sludge  plant  has  recently  been  designed  for  the  Metropolita 
Sanitary  District  of  (Greater  (Chicago  which  provides  aeration  stages  for  th 
development  of  two  separate  sludges.  In  the  first  stage  the  hulk  of  the  carhonaceoi 
material  is  removed,  and  in  the  second  aeration  stage  the  growth  of  sludge  would  h 
comparatively  slow  being  controlled  largely  bv  the  grow  th  rate  ol  the  nitrify  in 
organisms.  Thus,  optimum  conditions  can  he  developed  for  maximum  ni  t rit  i<  at  ion  i 
the  second  state.  The  nitrate  is  reduced  to  nitrogen  gas  bv  providing  an  anacroh 
environment  in  which  a bacterial  flora  develops  which  utilizes  nitrate  instead  < 
dissolved  oxygen  as  a hydrogen  acceptor.  I he  nitrogen  ga*  then  goes  oil  to  tl 
atmosphere. 

Three  systems  have  been  investigated  for  denitrification:  activated  carbon  un 

activated  sludge  and  packed  rock  beds.  \t  1‘omona.  California  it  wa«  ol  1 

some  denitrification  was  occurring  in  the  activated  carbon  column--  h<  i- 

removal  of  organic  chemicals.  It  was  found  that  hv  feeding  a i.uh  o u 
influent  to  the  columns  approximately  90  percent  reduction  1 1 
obtained.  It  was  later  found  that  other  media  served  the  purpns, 
carbon.  \ residence  time  of  the  order  of  fivi  minutes  in  the  p.<-  - 
he  adequate.  Methanol  was  selected  as  the  chemical  to  h>  ti-rd  . !,.  .-I 
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An  activated  sludge  process  has  been  useil  in  which  the  flora  is  developed  in  a stirred 
but  not  aerated  tank.  The  sludge  is  then  separated  from  the  liquid  in  a sedimentation 
tank.  A residence  time  in  the  stirred  reactor  of  about  two  hours  is  used.  Methanol  is 
the  preferred  carbon  source. 

An  upward  flow  anaerobic  coarse  rock  bed,  similar  to  a trickling  filter,  with  a 
residence  time  of  about  45  minutes,  has  also  been  used  for  denitrification.  Chemical 
costs  of  about  2 to  3C  per  1.000  gal  have  been  reported.  Capital  costs  for  denitrification 
may  be  negligible  if  packed  rock  beds  are  also  used  for  removal  of  organic  chemicals  or 
suspended  solids.  In  the  other  processes  capital  costs  add  about  3 to  4^  to  the  cost  per 
1,000  gal  of  waste  treated. 

At  high  pH  ammonia  in  wastewater  is  largely  in  the  un-ionized  form  and  can  be 
stripped  from  the  water  by  air.  This  is  usually  done  by  trickling  the  water  downward 
through  a packed  tower  through  which  air  is  blown  upward  by  large  fans.  The  process 
can  be  combined  conveniently  with  the  use  of  lime  for  phosphate  removal  to  raise  the 
PH  to  a level  suitable  for  ammonia  stripping.  A drawback  to  the  process  in  many 
climates  is  the  fact  that  the  efficiency  of  ammonia  stripping  drops  markedly  as 
temperatures  decline.  At  Lake  Tahoe  the  estimated  cost  for  ammonia  stripping  was 
1.4C  per  1.000  gal  for  a 7.5  mgd  plant,  exclusive  of  chemical  cost. 

The  Dallas  Water  Reclamation  Research  Center  is  sufficiently  flexible  to  permit 
investigations  of  a number  of  process  combinations  to  achieve  nutrient  removal. 
Among  these  processes  are  trickling  filters,  activated  sludge,  activated  carbon  filters, 
multi-media  filters  and  chemical  treatment. 


Nutrient  removal  at  the  present  time  appears  to  be  most  practicable  for  larger  plants 
where  sophisticated  equipment  and  highly  skilled  operation  may  be  provided.  For 
isolated  smaller  plants  the  removal  of  phosphate  and  nitrogen  from  wastewater  with 
processes  requiring  close  control  may  not  be  warranted,  and  the  use  of  tertiary 
stabilization  ponds  may  be  justified.  Within  the  study  area  joint  and  other  large 
treatment  plants  are  expected  to  treat  the  wastewater  from  approximately  85  percent 
of  the  total  population  by  1990.  Thus  the  additional  nutrient  removal  which  can  he 
obtained  by  smaller  plants  serving  the  remaining  15  percent  of  the  population  is  small. 

INORGANIC  CHEMICAL  REMOV  AL 

None  of  the  conventional  waste  treatment  processes  nor  any  of  the  more  advanced 
processes  previously  mentioned  remove  any  substantial  part  of  the  dissolved  inorganic 
salts  in  wastewater.  Most  of  the  processes  that  have  been  studied  for  saline  water 
conversion  have  also  been  investigated  for  wastewater  treatment.  I hese  include 
distillation,  electrodialysis,  freezing,  ion  exchange  and  reverse  osmosis.  No  full  scale 
plants  have  as  yet  been  constructed  as  part  of  wastewater  renovation.  The  cost  of  such 
treatment  is  generally  high  and  would  be  justified  only  if  the  wastewater  were  to  he 
directly  reused.  All  of  these  plants  produce  a wastewater  effluent  containing  the 
dissolved  salts  removed  in  the  process,  and  in  most  places  the  disposal  of  this  waste 
would  be  difficult  and  costly. 

OTHER  PROCESSES 

Physicochemical  Treatment.  In  order  to  achieve  extremely  high  ROD  removals  and 
the  removal  of  nutrients  from  wastewater  in  a more  economical  and  compact  manner 
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sludge  effluent  was  applied  directly  to  activated  carbon,  the  projected  cost  for  a 10 
mgd  plant  based  on  results  from  a 200  ppm  pilot  plant  was  about  8c  per  1.000  pal.  At 
Pomona  the  Chemical  Oxygen  Demand  (COD)  was  reduced  from  47  to  10  mg/1  in  the 
carbon  beds.  In  general,  the  total  removal  of  BOD  in  a plant  utilizing  such  a process 
follow  ing  the  activated  sludge  process  max  be  expected  to  approximate  98  percent. 

NUTRIENT  REMOVAL 

Concern  over  eutrophication  has  prompted  a considerable  amount  of  development  of 
processes  for  removing  phosphate  and  nitrogen  from  wastewaters.  Eutrophication  is 
discussed  in  Chapter  III. 

Phosphate  removal  has  received  the  greatest  attention  and  several  plants  are  now 
operational  in  the  United  States.  Most  of  the  processes  are  based  on  precipitation  of 
phosphate  with  either  lime,  an  aluminum  salt  or  an  iron  salt.  The  Dallas  facility  will 
investigate  the  use  of  all  of  these  chemicals.  The  chemicals  may  be  added  to  primary 
tanks,  to  activated  sludge  aeration  tanks  or  in  separate  facilities  following 
conventional  secondary  treatment.  In  the  treatment  plant  schematic  flow  diagram, 
l ig.  VI-I.  the  chemicals  are  shown  added  to  the  aeration  tanks.  In  some  processes  the 
lime  is  at  least  partially  recovered  by  recalcining  of  the  sludge.  Efforts  at  recovering 
aluminum  salts  have  not  been  successful  to  date.  Chemical  costs  are  a major  part  of  the 
process  cost.  Removal  efficiency  depends  largely  on  the  amount  of  chemical  fed  and  is 
commonly  of  the  order  of  90  percent.  Typical  costs  run  from  about  5 to  9c  per  1.000 
gal. 

\ it rof'iai  removal  has  generally  been  by  biological  denitrification  or  by  stripping  of 
ammonia.  Nitrogen  concentrations  of  1 to  2 mg/I  in  the  effluent  may  be  obtained  by 
these  processes.  In  the  former  process  the  soluble  nitrogen  in  the  waste  is  converted  to 
nitrate  usuallv  in  an  activated  sludge  system.  Nitrification  may  also  be  accomplished 
on  trickling  filters.  Biological  wastewater  treatment  process  designed  conventionally 
for  carbonaceous  and  solids  removal,  however,  are  inefficient  and  unreliable  for  the 
removal  of  nitrogen  and  phosphate. 

\ two-stage  activated  sludge  plant  has  recently  been  designed  for  the  Metropolitan 
Sanitary  District  of  Greater  Chicago  which  provides  aeration  stages  for  the 
development  of  two  separate  sludges.  In  the  first  stage  the  bulk  of  the  carbonaceous 
material  is  removed,  and  in  the  second  aeration  stage  the  growth  of  sludge  would  be 
comparatively  slow  being  controlled  largely  by  the  growth  rate  of  the  nitrifying 
organisms.  Thus,  optimum  conditions  can  be  developed  for  maximum  nitrification  in 
the  second  state.  The  nitrate  is  reduced  to  nitrogen  gas  by  providing  an  anaerobic 
environment  in  which  a bacterial  flora  develops  which  utilizes  nitrate  instead  of 
dissolved  oxygen  as  a hydrogen  acceptor.  The  nitrogen  gas  then  goes  off  to  the 
at  mosphere. 


Three  systems  have  been  investigated  for  denitrification;  activated  carbon  columns, 
activated  sludge  and  packed  rock  beds.  At  Pomona.  California  it  was  observed  that 
some  denitrification  was  occurring  in  the  activated  carbon  columns  being  used  for 
removal  of  organic  chemicals.  It  was  found  that  by  feeding  a carbon  source  to  the 
influent  to  the  columns  approximately  90  percent  reduction  of  nitrate  could  be 
obtained.  It  was  later  found  that  other  media  served  the  purpose  as  well  as  activated 
carbon.  A residence  time  of  the  order  of  five  minutes  in  the  parked  bed  was  found  to 
be  adequate.  Methanol  was  selected  as  the  chemical  to  be  used  as  the  carbon  source. 


XI-21 


r n 


than  conventional  processes,  an  FWQA  research  contract  has  recently  been  carried 
out  on  physicochemical  treatment  on  a pilot-plant  scale.  This  treatment  process 
involves  preliminary  treatment,  coagulation  and  clarification,  carbon  adsorption  and 
dual  media  filtration.  This  process  eliminates  the  use  of  conventional  secondary 
treatment  processes  and  has  advantages  in  terms  of  space  requirements  and  the  fact 
that  treatment  is  not  upset  by  large  fluctuations  of  influent  sewage  quality. 

BOD  removals  reported  from  the  pilot  plant  averaged  about  97  percent  despite 
variations  in  waste  strength  and  composition.  The  effluent  was  essentially  free  of 
suspended  solids  and  contained  only  about  5 mg/I  or  less  of  BOD  . In  addition,  the 
physicochemical  treatment  process  is  reported  to  achieve  about  90  percent  removal  of 
phosphate  and  about  95  percent  of  nitrate. 

I he  cost  of  the  physicochemical  treatment  process  to  produce  an  effluent  quality 
sufficient  to  meet  most  demands  for  reuse  and  pollution  control  was  estimated  to  be 
about  16c  per  1.000  gal  including  amortization  of  capital.  This  compares  with  a 
reported  cost  of  lie  per  1.000  gal  for  conventional  primary-secondary  biological 
treatment  and  with  26c  per  1,000  gal  for  comparable  tertiarty  treatment  added  to  a 
conventional  secondary  treatment  plant.  This  process  has  not  as  vet  been 
demonstrated  on  a full-scale  plant  but  results  obtained  from  the  pilot  plant  studies  to 
date  appear  promising. 

Induced  River  Aeration.  As  discussed  under  surface  runoff  in  Chapter  III,  research  is 
now  beginning  to  show  that,  even  in  well-regulated  areas,  the  recorded  effluents  (i.e 
from  municipal  plants  and  industries)  may  constitute  perhaps  only  one-third  of  the 
total  pollution  load  entering  a river  system,.  In  such  a situation  expensive  advanced 
waste  treatment  plants  may  be  insufficient  to  achieve  the  desired  water  quality. 

Induced  river  aeration  by  means  of  mechanical  surface  aerators  or  diffused  air  aerators 
located  in  a river  has  been  studied  by  a number  of  investigators.  Whipple  and 
Coughlan  have  reported  that  the  annual  cost  to  achieve  a D.O.  level  of  4 mg/1  on  the 
Passaic  River  by  instream  aeration  would  be  about  one-quarter  the  cost  of  advanced 
waste  treatment  for  this  purpose.  A systems  analysis  of  the  Potomac  River  estuary  by 
Davis  showed  that,  after  90  percent  removal  of  BOD  has  been  achieved,  instream 
aeration  was  a much  more  economical  means  of  obtaining  further  removal  than  any 
practicable  alternative. 

Instream  aeration  would  appear  to  offer  a means  of  maintaining  D.O.  levels  in  the 
I rinity  River  when  canalization  is  complete  and  channel  sections  are  controlled. 
However,  such  aeration  will  not  remove  phosphate  and  nitrogen.  As  discussed  in 
Chapter  IV  such  nutrients  constitute  a prime  threat  to  maintenance  of  satisfactory 
water  quality  in  the  streams  and  reservoirs  of  the  Trintiy  River  Basin. 

CONCLUSIONS 

Advanced  wastewater  treatment  processes  for  the  removal  of  suspended  solids, 
organics  and  nutrients  may  he  most  successfully  and  economically  employed  in  large 
centralized  (joint)  treatment  plants.  Such  processes  generallv  are  not  considered 
feasible  at  present  for  isolated  smaller  plants  because  of  cost  and  operational  factors 
greatly  exceed i ng  tin1  possible  benefits.  Instream  aeration  does  not  appear  to  hold 
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much  promise  in  the  Trinity  River  because  neither  phosphates  nor  nitrogen  are 
removed  to  any  significant  degree  by  this  process.  However,  the  physicochemical 
treatment  process  holds  promise  for  the  North  Central  Texas  area  and  should  be 
considered  as  a possible  alternative  to  the  standard  sequence  of  primary,  secondary 
and  tertiary  processes. 
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TREATMENT  AND  DISPOSAL  OF  SEWAGE  SLUDGE 


GENERAL  DISCUSSION 

Sludge  treatment  and  disposal  is  a very  important  function  of  wastewater  treatment 
facilities.  The  efficient  treatment  and  disposal  of  sewage  sludge  is  essential  to  the 
attainment  of  water  quality  objectives  in  the  North  Central  Texas  region. 

Sludge  is  produced  in  wastewater  treatment  plants  as  a result  of  the  liquid-solids 
separation  processes  employed  and  is  generally  collected  in  sedimentation  tanks  as 
shown  on  Fig.  VI-1.  Such  sludge  may  be  defined  as  a semi-liquid  waste  having  a total 
solids  concentrations  of  at  least  2,500  mg/I,  and  which  can  flow  by  gravity  and  be 
pumped.  The  handling  and  disposal  of  grit  and  screenings  is  frequently  included  with 
the  sludge. 

Treatment  plant  designs  must  consider  sludge  handling  and  disposal  as  integral  parts 
of  the  total  waste  treatment  process. 

It  is  commonly  recognized  that  sludge  treatment  and  disposal  is  the  most  difficult  and 
expensive  part  of  wastewater  treatment.  Often  it  represents  25  to  50  percent  of  the 
total  capital  and  operating  cost  of  a wastewater  treatment  plant  despite  the  fact  that 
the  volume  of  sludge  produced  is  frequently  less  than  one  percent  of  the  total  volume 
ol  wastewater  treated.  Costs  for  the  various  processes  discussed  hereinafter  generally 
are  given  in  terms  of  dollars  per  ton  of  dry  solids  in  the  process  feed.  Each  ton  of  dry 
solids  applied  to  sludge  treatment  and  disposal  processes  ma\  be  considered  roughly 
equivalent  to  the  load  imposed  by  15,000  to  20.000  people  in  one  day. 

The  problem  is  aggravated  by  ever-increasing  volumes  of  sludge  from  domestic  and 
industrial  sources  couplet!  with  reduced  availability  of  land  for  economical  disposal 
and  lessening  public  tolerance  of  air  and  water  pollution.  McCarty  has  estimated  that 
the  volume  of  waste  sludge  will  increase  60  to  70  percent  nationwide  within  the  next  15 
years.  Comparable  increase  can  be  expected  in  the  study  area  and  requires  thorough 
evaluation  to  determine  the  most  economical  method  of  sludge  treatment  and 
disposal  at  each  location.  Such  an  evaluation  should  include  particularly  the 
consideration  of  methods  which  permit  the  liquid,  solid  and  nutrient  portions  of 
sludge  to  he  returned  to  the  natural  environment  wherever  this  can  be  usefully  and 
safely  accomplished. 

The  objectives  of  sludge  treatment  and  disposal  are: 

1.  To  decompose,  biologically  or  chemically.  organic  matter  in  the 
sludge  to  a relatively  stable  inoffensive  material. 

2.  To  reduce  the  sludge  volume  to  facilitate  processing  and  ultimate 
disposal. 

.'I.  To  destroy  or  control  pathogens. 

1.  To  prevent  air  and  water  pollution. 

5.  To  utilize  by-products  of  the  process  if  possible  to  minimize  the 
overall  cost  of  opera!  ion. 
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Burd  listed  in  his  1968  report  to  the  FWPCA  the  following  as  the  basic  factors  to  be 
considered  in  the  selection  of  the  sludge  treatment  and  disposal  processes  for 
accomplishing  the  above  objectives: 

1.  Character  of  the  sludge;  raw,  digested,  or  industrial 

2.  Land  availability 

3.  Suitability  of  sludge  disposal  by  dilution 

4.  Local  possibilities  for  using  sludge  as  a soil  conditioner  or  fertilizer 

5.  Climate 

6.  Capital  and  operating  costs 

7.  Size  and  type  of  wastewater  treatment  plant 

8.  Proximity  of  the  plant  to  residential  area  and  local  air  pollution 
control  regulations 

Improvements  in  sludge  treatment  and  disposal  technology  are  needed  to  achieve  the 
above  objectives  on  the  broad  scale  required  by  future  population  growth.  Toward 
this  end  existing  and  new  processes  are  being  investigated  by  organizations  all  over  the 
world  to  obtain  greater  efficiency  and  economy  in  sludge  disposal. 

CURRENT  PRACTICE 

The  sludge  treatment  and  disposal  processes  currently  utilized  by  the  major  sewage 
treatment  plants  in  the  study  area  are  summarized  in  Table  XI-3.  It  may  be  seen  that 
the  most  commonly  practiced  methods  of  sludge  treatment  and  disposal  are  digestion 
(anaerobic)  followed  by  lagoons  and/or  drying  beds.  Such  methods,  when  properly 
carried  out,  may  be,  for  long  periods  of  time,  satisfactory  from  the  standpoints  of 
water  quality,  health  and  odor. 

Hinesly  and  Sosewitz  state  that.  “While  sludge  digestion  followed  by  lagooning  is  a 
traditional  method  of  solids  disposal  in  many  communities,  large  urban  areas,  and  on 
an  increasing  scale  even  smaller  communities  are  faced  with  serious  land  use 
problems,  aesthetic  considerations,  and  costs  when  reaching  a decision  on  a solids 
disposal  program."  Indeed,  the  City  of  Fort  Worth  has  recently  decided  to  abandon 
the  Riverside  Sewage  Treatment  Plant  for  similar  land  use  and  aesthetic  reasons. 

In  1969  Black  & Veatch,  Consulting  Engineers  recommended  a long-range  sludge 
disposal  plan  for  the  Dallas  White-Rock  Plant.  This  plan  included  recommendations 
for  pumping  digested  sludge  to  the  Dallas  South  Side  plant  site,  lagooning  the  sludge 
in  two  new  lagoons,  dredging  of  solids  at  about  five  vear  intervals  and  disposal  on  land. 
A I so  proposed  in  the  report  were  a test  program  to  study  application  methods  and 
rates  of  sludge  disposal  by  irrigation  and  an  odor  control  program. 

The  City  of  Fort  Worth  is  currently  constructing  about  120  acres  of  sludge  lagoons.  It 
is  hoped  that  dried  sludge  from  the  lagoons  may  be  utilized  as  fertilizer. 
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From  information  obtaint'il  on  several  of  the  larger  treatment  plants  in  the  study  area 
'lodge  disposal  processes  practiced  often  do  not  constitute  ultimate  sludge  disposal 
(tin-  beneficial  contact  between  sludge  and  natural  environment).  It  is  reported  that  in 
some  cases  sludge  disposal  is  practiced  during  high  river  levels  by  the  direct  discharge 
of  -ludge  from  lagoons  to  the  river.  In  other  cases  river  levels  reportedly  overtop 
lagoon  levees  and  carry  away  considerable  quantities  of  sludge.  Such  practices  defeat 
the  purposes  of  sewage  treatment,  i.e.  to  abate  water  pollution.  It  is  apparent  that  the 
need  for  instituting  acceptable  ultimate  sludge  disposal  practices  in  the  North  Central 
Texas  region  is  essential. 

SLUDGE  TREATMENT  PROCESSES 

Sludge  treatment  processes  are  combinations  of  those  methods  by  which  sewage  (or 
industrial  waste)  sludge  may  be  thickened,  digested,  conditioned,  dewatered  (by 
vacuum  filtration,  centrifugation  or  on  drying  beds)  or  burned.  The  effectiveness  of 
the  waste  treatment  process  and,  therefore,  the  quality  of  the  receiving  water  is  greatly- 
influenced  by  the  efficiency  of  these  sludge  handling  methods.  Unless  these  are  of  the 
highest  efficiency,  filtrates,  centrates,  elutriates  and  particularly  digester  supernatant 
liquors  containing  fine  solids,  will  overload  clarification  and  biological  treatment 
units;  thus  lowering  the  overall  treatment  efficiency. 

Air  pollution  may  be  caused  by  any  number  of  sludge  treatment  processes  including 
incineration,  heat  dry  ing,  lagooning,  sand  bed  dewatering,  and  raw  sludge  thickening. 
In  this  case,  the  waste  treatment  objective  of  maintaining  good  public  relations  is  in 
jeopardy,  and  the  quality  of  the  air  in  the  vicinity  of  the  plant  is  degraded. 

Sludge  thickening  reduces  the  amount  of  moisture  in  the  sludge  and.  therefore,  its 
volume.  This  reduced  volume  permits  saving  in  subsequent  processing  and  disposal 
costs  which  may  be  appreciable  in  larger  plants.  For  very  small  wastewater  treatment 
plants,  however,  the  saving  achieved  may  not  justify  the  extra  cost  for  the  thickening 
facilities.  Any  evaluation  of  thickening  should  consider  the  economy  resulting  from 
the  production  of  thicker  sludge. 

Three  types  of  thickening  processes  are  commonly  used  in  sewage  sludge  treatment, 
gravity  thickening,  flotation  thickening  and  centrifugation.  Additional  methods 
involve  the  biological  flotation  of  organic  sludges  but  are  not  commonly  used. 

Gravitv  thickening  is  essentially  a sedimentation  process  combined  with  slow  stirring 
to  promote  agglomeration  and  to  aid  in  the  destruction  of  bridge  networks  which  trap 
water  within  the  sludge.  Gravity  thickening  can  reduce  sludge  volumes  by  one-half 
with  consequent  reduction  in  costs  of  digestion,  dewatering,  etc.  Beaumont,  Texas  in 
1956  reported  saving  $175,000  in  plant  construction  costs  by  using  thickeners  which 
allowed  digester  capacity  to  be  reduced  from  510.000  cu  ft  to  240.000  cu  ft. 

Optimum  thickening  results  have  been  achieved  when  feed  solids  concentration  is 
between  0.5  and  1.0  percent.  \t  Beaumont  normal  operations  produced  a thickened 
primarv  and  trickling  filter  sludge  having  8.7  percent  solids.  The  thickening  of 
activated  sludge  w ith  tin-  use  of  lime  has  increased  solids  concentrations  from  0.6  to  3.5 
percent. 
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The  disadvantages  of  grav itv  thickeners  are  the  high  initial  cost  (which  mat  be  olfset 
h\  saving  other  process  costs)  and  the  need  tor  constant  attention  to  maintain 
optimum  operating  conditions.  Poor  thickening  may  upset  the  operation  of  the  entire 
treatment  plant  due  to  the  recycling  of  thickener  overt  low  containing  high  suspended 
solids  and  B( )I). 

Flotation  thickening  uses  fine  rising  gas  bubbles  to  bring  solid  particles  to  the  surface 
where  it  is  skimmed  off.  The  gas  is  usually  introduced  by  injecting  air  into  the  feed 
sludge  under  pressure.  Flotation  thickeners  are  particularly  suitable  lor  activated 
sludge.  \ much  higher  loading  rate  is  used  than  tor  gravity  thickeners  and  the  solids 
concentration  of  the  end  product  is  about  twice  as  high  as  that  from  gravity 
thickeners.  The  disadvantages  of  flotation  units  include  their  sensitivity  to  a large 
number  of  factors  which  results  in  irregular  performance  and  high  operating  and 
maintenance  costs,  and  the  need  for  polymer  addition  to  achieve  acceptable 
performance. 


Sludge  thickening  by  centrifugation  is  a very  promising  process  especially  where 
adequate  space  is  not  available  for  other  types  of  thickeners.  Solid  howl  centrifuges 
frequently  are  not  economical  for  thickening  waste  activated  sludge.  Both  disc 
centrifuges  and  solid-bowl  centrifuges  can  be  used  for  sludge  thickening.  The  latter 
are  usually  operated  at  lower  speeds  and  are  more  commonly  used  in  wastewater 
treatment  plants  due  to  their  better  operating  characteristics.  In  a solid-bowl 
centrifuge,  the  solid-liquid  separation  is  accomplished  in  a cy  linder  with  a truncated 
cone  end  section  rotating  at  speeds  of  about  3.000  revolutions  per  minute.  Centrifuges 
produce  end  products  with  higher  solids  concentrations  than  those  from  gravity  or 
flotation  thickeners.  In  fact,  a solid-bowl  centrifuge  can  combine  thickening  and 
dewatering  in  one  step  and  produce  a sludge  suitable  for  incineration  or  land  filling 
without  additional  treatment.  The  disadvantages  of  centrifugation  include  high 
operating  cost  and  a relatively  poor  solids  capture  efficiency  if  chemicals  are  not  used. 

Gravity  thickening  generallv  provides  the  least  expensive  method  if  adequate  space  is 
available.  Flotation  thickening  is  less  expensive  than  grav  ity  thickening  in  capital  cost 
hut  more  expensive  in  operating  cost.  Centrifuges  are  relatively  low  in  capital  costs  but 
have  high  operating  costs.  Centrifuges  may,  however,  not  only  thicken  hut  dewater 
sludge  in  the  same  step.  Table  \I-4  presents  the  general  ranges  of  total  capital  and 
operating  costs  under  average  conditions  for  the  three  types  of  thickening,  both  with 
and  without  chemicals.  These  costs  must  he  considered  with  the  costs  of  the  entire 
treatment  and  disposal  process  before  a choice  is  made.  The  costs  of  thickening  are 
greatly  increased  by  the  use  of  chemicals,  and  higher  costs  are  generally  associated 
with  the  thickening  of  biological  sludges. 

Sludge  digestion  involves  the  biological  decomposition  of  organic  matter  in  sewage 
sludge.  Well  digested  sludge  is  stable,  higher  in  solids  concentration  than  raw  sludge, 
easier  to  dewater  for  ultimate  disposal  and  relatively  low  in  risk  as  a potential  public 
health  hazard  due  to  the  destruction  or  reduction  of  pathogenic  organisms.  The  odor 
of  digested  sludge  is  also  much  less  offensive  than  the  odor  associated  with  raw 
undigested  sludge.  Two  types  of  digestion  are  used  in  wastewater  treatment  systems; 
anaerobic  or  aerobic  digestion,  \naerohic  digestion  is  practiced  at  six  of  the  seven 
plants  listed  in  Table  \l-3. 
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TABLE  XI- 4.  COMPARISON  OF  SLUDGE  THICKENING  COSTS 


0¥> 


Type  of  Thickener 
Gravity 

Flotation  (Air) 
Centrifuge 


Range  of  Unit  Costs 
(Dollars/Ton  Dry  Solids  in  Feed) 
Without  Chemicals  With  Chemicals 


1.5 
6 
4 


- 9 

- 10 


11  - 15 
7-20 


OV 


TABLE  XI-5 . COMPARISON  OF  SLUDGE  DEWATERING  COSTS 


Dewatering  Process 


Range  of  Unit  Costs 
(Dollars  per  Ton  Dry  Solids  in  Feed) 


Drying  on  Sand  Beds 

3 

to 

20 

Vacuum  Filtration 

8 

to 

50 

Centrifugation  (no  chemical 
addition) 

5 

to 

35 

Centrifugation  (with  polymer 
addition) 

11 

to 

55 
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Anaerobic  sludge  digestion  as  normal  I v practiced,  takes  place  at  a temperature  of 
around  (t5T  for  about  30  days  in  comentional  single-stage  digesters.  About  50  to  60  per 
cent  of  the  volatile  solids  content  of  the  sludge  is  destroyed.  The  supernatant  from 
unmixed  digestion  tanks  is  decanted  and  usually  returned  to  the  influent  end  of  the 
treatment  plant  where  it  often  interferes  with  effective  sedimentation.  Kfficient 
digestion  demands  separate  tanks  for  thorough  mixing  and  proper  solid-liquid 
separation,  and  this  has  resulted  in  the  development  of  two-stage  high-rate  systems. 
About  two-thirds  of  the  decomposition  occurs  in  the  heated  and  mixed  primary 
digester  in  about  10  days.  The  secondary  digester  is  usually  not  heated  and  often  has 
no  mixing  device  in  order  to  promote  better  sludge  thickening  and  compaction. 
\naerohic  digesters  are  very  expensive  in  capital  cost  and  present  many  operational 
problems.  To  reduce  digester  sizes  and  costs  they  are  frequently  preceded  by  sludge 
thickening  facilities. 

In  1065  Chicago  reported  a total  cost  of  $22  per  ton  of  feed  sludge  to  handle  activated 
sludge  (3.5  percent  solids)  by  digestion  and  lagooning.  The  costs  range  from  about  $32 
per  ton  for  2 percent  sludge  to  almost  $11  per  ton  for  8 per  cent  sludge.  Cas 
production  resulting  from  the  decompostion  of  organic  material  in  the  sludge  may  be 
utilized  to  generate  power  and  for  heating  to  help  offset  high  costs  of  the  digestion 

I process.  Studies  are  being  made  to  operate  anaerobic  digesters  in  the  thermophilic 

range  (about  12(1°  !■ ) to  improve  process  efficiencies. 

Aerobic  sludge  digestion  is  a relatively  new  process  which  is  receiving  increasing 
attention.  An  aerobic  digester  is  often  an  open  lank  with  a suitable  air  supply  svstem. 
Aerobic  digesters  having  a detention  period  of  about  10  days  produce  end  products 
w liich  are  odorless,  stable  and  easy  to  dewater.  In  comparison  w ith  anaerobic  digestion 
more  nutrients  are  conserved,  and  this  is  desirable  if  the  sludge  is  to  be  used  as 
lert  ilizer.  I he  reduction  in  volat  ile  solids  is  about  the  same  as  for  anaerobic  digest  ion. 
The  initial  cost  is  low.  The  main  disadvantage  of  aerobic  digestion  is  the  higher  power 
requirement  for  mixing  and  air  supply  as  compared  w ith  anaerobic  digestion. 

Aerobically  digested  sludge  usually  has  better  dewatering  characteristics  than 
anaerobic  sludge.  Anaerobic  digestion  is  less  expensive  than  aerobic  digestion, 
particularly  at  larger  plants  where  power  cost  is  a major  factor.  Aerobic  digestion  may 
be  advantageous  at  smaller  treatment  plants  and  industrial  waste  treatment 
installations.  High  rate  anaerobic  digestion  generally  is  more  economical  than 
conventional  (low  rate)  anaerobic  digestion  because  of  the  shorter  detention  time, 
smaller  size  tanks  required  and  decreased  operational  problems.  The  reported  range 
of  capital  and  operating  costs  for  anaerobic  digestion  alone  is  $5  to  $18  dollars  per  ton 
of  dry  solids.  Reliable  cost  data  on  aerobic  digestion  are  not  available. 

I he  question  of  whether  sludge  digestion  is  applicable  in  a giv'-n  situation  depends 
primarily  upon  the  methods  selected  for  ultimate  disposal  of  the  sludge.  Sludge 
digest  ion  is  preferable  to  other  methods  of  sludge  treatment  when  the  sludge  can  be 
utilized  for  land  reclamation,  crop  land  application  or  landfill.  It  is  also  prefei..hle 
where  sludge  is  to  be  dried  on  sand  beds,  particularly  those  which  are  not  covered  and 
are  in  close  proximity  to  residential  areas  where  odor  problems  mav  arise  from 
undigested  sludge. 

Sludge  ('onililioning.  Sludge  conditioning  involves  the  treatment  of  the  sludge  to 
facilitate  subsequent  thickening  or  dewatering  of  the  sludge.  It  mav  he  accomplished 
by  either  chemical  or  physical  means,  but  chemical  sludge  conditioning  is  the  most 
commonly  practiced. 
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In  chemical  sludge  conditioning,  chemical  conditioners  act  as  coagulants  which 
agglomerate  solids  and  cause  a release  of  water  from  the  solids.  Ferric  chloride,  lime 
and  polyelectrolytes  are  commonly  used.  A substantial  sa\ings  in  chemical  costs  can  he 
achieved  in  anaerobic  sludge  digestion  by  meansof  clutriation.  Klutriation  is  a process 
in  which  the  digested  sludge  is  mixed  first  with  water  of  lower  alkalinity  and  then  is 
separated  by  means  of  sedimentation.  Clutriation  also  improves  the  thickening 
property  of  the  digested  sludge  by  flushing  away  the  entrained  gas  hubbies  ami  fine 
particles.  The  chief  disadvantage  of  elutriation  is  its  poor  solids  capture  efficiency 
which  is  sometimes  below  70  per  cent.  The  overflow  liquid  from  the  elutriation  tanks 
may  create  stream  pollution  problems  if  it  is  not  properly  treated.  Furthermore  the 
overflow  liquid  may  upset  the  treatment  plant  operation  because  of  the  high  solids 
content,  particularly  if  it  is  discharged  to  the  head  of  the  plant.  Elutriation  usually 
eliminates  the  need  for  lime  and  reduces  the  need  for  ferric  chloride  by  50  to  80  per 
cent.  Savings  in  chemical  costs  normally  exceed  S2.00  per  ton.  Elutriation  of  digested 
activated  sludge  at  the  Los  Angeles  Hyperion  Sewage  Treatment  Plant  was  reported  to 
have  reduced  chemical  costs  from  S20.00  to  about  $4.00  per  ton  of  dry  solids. 

Physical  sludge  conditioning  may  be  accomplished  by  either  freezing  or  heating  of  the 
sludge.  It  is  believed  that  these  methods  of  physical  sludge  conditioning  involve  the 
destruction  of  the  cell  structure  of  microorganisms  within  the  sludge.  Complete 
freezing  of  the  sludge  has  been  found  to  improve  its  dewatering  characteristics 
appreciably.  However,  this  process  is  very  expensive.  Sludge  conditioning  by  heating  is 
a process  usually  applied  to  raw  sewage  and  involves  cooking  the  sludge  for  one-hall  to 
three-quarters  of  an  hour  at  pressures  of  150  to  250  psi  (pounds  per  square  inch)  and  a 
temperature  of  300°F  to  400°F.  The  heat  treated  sludge  is  completely  sterilized  under 
these  conditions  and  easy  to  dewater.  Heat  treatment  of  the  sludge  in  this  manner 
renders  the  sludge  innocuous  and  may  permit  its  use  for  land  reclamation.  Reliable 
cost  of  heat  treatment  sludge  conditioning  is  not  available  hut  the  costs  for  freezing  5 
percent  sludge  range  from  about  $32.00  per  ton  of  dry  solids  in  small  plants  to  S45.00 
in  larger  plants. 

Sludge  conditioning  processes  improve  the  efficiency  of  sludge  handling  and  disposal 
systems  and  may  be  necessary  for  the  satisfactory  operation  of  the  system.  It  is, 
however,  quite  costly;  the  cost  of  chemical  conditioners  may  account  for  40  percent  of 
the  total  operating  cost  of  the  treatment  plant.  Heat  treatment  costs  appear  to  he 
competitive  with  those  for  chemical  sludge  conditioning.  However,  further 
investigations  are  needed  before  large  scale  applications  of  the  heating  process  may 
become  practical. 

Sludge  Dewatering.  Sludge  dewatering  is  employed  to  reduce  the  moisture  content  of 
sludge  to  a level  which  allows  its  further  treatment  by  sludge  dry  ing  and  combustion 
or  disposal  by  application  to  land.  Sludge  dewatering  differs  from  thickening  in  that 
the  sludge  is  processed  into  a non-liquid  form  which  permits  its  transfer  by  conveyor, 
truck  or  other  method.  Sludge  dewatering  processes  commonly  employed  in 
wastewater  treatment  include  sand  bed  dry  mg.  vacuum  filtration  and  centrifugation. 

Sludge  drving  on  sand  beds  is  the  simplest  and  most  common  sludge  dewatering 
process.  I ncovered  sand  beds  are  employed  at  numerous  treatment  plants  in  the 
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North  Central  Texas  region.  Sand  bed  drying  is  generally  the  most  economical  method 
of  sludge  treatment  for  small  plants  inasmuch  as  the  sludge  is  simply  spread  on  sand 
beds  and  left  to  dry  to  a solids  concentration  of  roughly  50  percent,  when  the  sludge 
nut\  then  be  conveniently  removed.  Vi  ater  in  the  sludge  is  removed  by  under-drainage 
and/or  evaporation.  Large  plants  seldom  use  this  process  because  of  the  large  land 
areas  required  and  the  difficulties  involved  in  removing  large  quantities  of  dewatered 
(dried)  sludge  from  the  beds.  However,  the  City  of  Fort  Worth  is  currently 
constructing  about  120  acres  of  sludge  lagoons  which  rely  on  evaporation  only  to  dry 
the  sludge. 

Vacuum  filtration  is  commonly  used  for  sludge  dewatering  at  large  plants.  This 
method  is  being  practiced  at  the  present  time  to  dewater  chemically  treated  raw 
sludge  at  Arlington.  Texas.  In  the  past  vacuum  filtration  has  been  considered 
economical  only  for  treatment  plants  serving  25,000  persons  or  more;  however,  recent 
economic  studies  by  others  have  indicated  that  vacuum  filtration  may  now  be 
economical  even  for  plants  serving  less  than  10,000  persons.  A vacuum  filter  consists  of 
a rotating  cylindrical  drum  which  is  continuously  passed  through  the  sludge  where  it 
picks  up  solids  to  form  a cake.  The  cake  is  partially  dewatered  by  an  applied  vacuum 
within  the  drum  of  about  10  to  20-in  of  mercury  and  it  is  then  discharged  to  conveyor 
belts  or  other  methods  of  transfer.  The  moisture  content  of  the  discharge  cake  is  about 
70  to  80  percent  which  is  suitable  for  incineration  or  landfill.  Chemical  sludge 
conditioning  is  required  before  vacuum  filtration. 

Centrifugation  is  a strong  competitor  with  vacuum  filtration.  In  centrifugation,  sludge 
conditioning  may  not  be  necessary,  there  is  no  odor  problem  since  the  mechanism  is 
totally  enclosed,  and  reported  capital  and  operating  costs  are  less  than  for  vacuum 
filtration.  The  moisture  content  of  the  dewatered  sludge  is  comparable  to  that  from 
vacuum  filters.  The  major  disadvantage  of  centrifugation,  however,  is  the  relatively 
poor  solids  capture  efficiency  as  compared  with  that  from  vacuum  filtration.  To 
overcome  this  disadvantage  the  addition  of  polymers  in  the  feed  is  often  practiced,  but 
this  greatly  increases theoperating  cost  and  may  make  centrifugation  uneconomical. 
I'nit  cost  of  sludge  dewatering  processes  including  capital,  operating  and  maintanance 
costs  are  listed  in  Table  XI-5.  The  higher  costs  are  generally  associated  with  biological 
sludges. 

Sludge  Drying  and  Combustion.  Sludge  drying  and  combustion  may  achieve  two 
important  objectives:  solids  sterilization  and  reduction  of  sludge  volume.  Bv 
sterilization  of  the  sludge  the  potential  health  risk  from  ultimate  disposal  methods  is 
reduced  as  are  potential  water  pollution  problems.  Reduction  of  sludge  volume  is  very 
significant  for  municipalities  as  regards  the  handling  and  disposal  of  the  sludge. 

Sludge  may  he  dried  by  mechanical  means  without  incineration  when  it  is  desired  to 
reduce  sludge  volumes  and  yet  permit  its  use  as  a fertilizer  and/or  soil  conditioner. 
Since  evaporation  of  water  consumes  heat,  the  moisture  content  of  the  wet  sludge 
must  he  kept  as  low  as  economically  possible.  This  requirement  often  necessitates  the 
use  of  mechanical  dewatering  equipment  such  as  vacuum  filters  or  centrifuges.  A flash 
type  incinerator/dryer  may  be  used  for  the  purpose. 


Sludge  combustion  may  be  accomplished  by  incineration  or  wet  oxidation.  In  sludge 
incineration  the  wet  sludge  is  first  dried  by  evaporation  and  then  burned.  There  are 
three  types  of  incinerators  in  use;  the  multiple  hearth  type  furnace,  the  fluidized  bed 
reactor  and  the  atomized  spray  reactor.  In  a multiple  hearth  furnace  the  wet  sludge  is 
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dried  and  burned  at  a temperature  of  between  1.500  and  1.600°F.  The  ash  is  either 
transported  hydraulically  to  a nearby  lagoon  or  pneumatically  or  mechanically  to  a 
storage  bin  for  ultimate  disposal  to  landfill.  This  type  of  incineration  is  the  most 
economical  combustion  method.  However,  air  pollution  problems  resulting  from 
improper  operation  of  an  incinerator  may  require  fly  ash  and  odor  control  in  the 
exhaust  gas.  In  the  fluidized  bed  incinerator,  wet  sludge  is  dispersed,  dried,  mixed 
with  oxygen  and  burned  at  a temperature  of  between  1,400  and  1,500°F  in  a sand  bed 
fluidized  by  gas  flow.  The  ash  is  carried  out  in  the  exhaust  and  is  recovered  by  a wet 
scrubber  using  the  sewage  treatment  plant  effluent.  This  process  is  very  efficient  in 
the  amount  of  excess  air  required  and  produces  a clean  exhaust;  however,  it  is  more 
expensive  than  the  multiple  hearth  type  incinerator.  The  atomized  spray  reactor  is  a 
relatively  new  device  in  which  the  wet  sludge  is  ground  to  suitable  size  before  being 
applied  to  the  reactor  through  a sonic  atomizer.  The  reaction  is  fast  and  complete  at  a 
temperature  of  about  2000°  F and  the  dust  is  removed  in  a cyclone.  The  process  is 
clean,  with  no  associated  air  pollution  problem,  but  the  process  is  expensive  and  the 
atomizer  is  subject  to  plugging  problems. 

In  wet  oxidation  combustion  is  accomplished  in  a liquid  medium  at  a temperature  of 
about  500°  F and  a pressure  of  over  1.000  psi.  The  wet  sludge  is  ground  and  mixed  with 
air  before  its  introduction  to  the  reactor  and  thickened  sludge  can  be  applied  directly 
to  the  unit.  The  high  solids  concentration  is  desirable  for  economical  operation,  and 
the  end  product  is  sterile  and  easy  to  dewater.  However,  close  control  is  needed  to 
obtain  optimum  performance,  and  installations  to  date  have  experienced  high 
operating  and  maintenance  costs.  In  general,  multiple  hearth  incinerators  are  much 
more  economical  than  other  methods  of  combustion  even  when  the  cost  for 
deodorization  and  fly  ash  control  are  included.  Fluidized  bed  incinerators  are 
economically  competitive  for  larger  plants  because  of  good  exhaust  quality.  Total  costs 
of  the  various  sludge  combustion  processes  vary  considerably  with  size  of  the 
installation  but  frequently  are  in  the  range  of  S30  to  S60  per  ton  of  dry  solids. 

SLUDGE  DISPOSAL  PROCESSES 

Ultimate  disposal  of  sludge  is  considered  accomplished  only  when  the  material  has 
been  removed  entirely  from  the  treatment  plant  in  a manner  that  is  sanitary, 
permanent  and  satisfactory  to  all  parties  concerned.  One  definition  of  ultimate  sludge 
disposal  is  the  beneficial  contact  between  sludge  and  the  natural  environment. 

As  indicated  above,  sludge  lagoons  as  currently  employed  are  not  considered  to  be  a 
method  of  ultimate  sludge  disposal.  Lagoons  must  be  periodically  dredged  to  preserve 
their  continued  usefulness,  and  the  liquid  sludge  must  then  still  be  safely  and 
effectively  disposed  of.  In  addition,  lagoons  are  frequent  sources  of  odor  problems. 
Pollution  can  be  carried  by  birds,  insects,  etc.,  directly  from  open  sludge  lagoons  to 
water  supply  reservoirs  and  into  contact  with  humans.  For  these  reasons  it  is  suggested 
that  sludge  lagoons  be  phased  out  at  large  plants  serving  metropolitan  areas  and  a 
>\  stem  involv  ing  sludge  dry  ing  and  processing  be  adopted.  In  this  manner,  sludge  may 
become  a more  of  a community  asset  rather  than  a liability. 

The  processes  discussed  above  relate  only  to  the  treatment  of  the  sludge  prior  to  its 
ultimate  disposal.  The  problem,  however,  is  not  solved  until  the  sludge  has  been 
satisfactorilv  disposed  of  to  the  environment  (generally  ocean  or  land).  The  type  of 
sludge  treatment  and  the  method  of  ultimate  disposal  selected  for  a given  situation 
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arc  interdependent;  and  both  are  in  turn  governed  by  public  health  and  pollution 
control  considerations  and  overall  economics.  Presented  here  is  a general  evaluation 
of  existing  sludge  disposal  systems  and  their  potential  applications. 

Sludge  Conveyance.  Methods  of  ocean  or  land  disposal  of  sludge  depend  primarily 
upon  the  economic  factors  of  distance,  mode  of  conveyance  and  efficiency  of 
conveyance.  Conveyance,  under  prescribed  conditions,  is  practical  by  tanker  truck, 
rail,  pipeline  or  barge.  Any  one  or  a combination  of  these  conveyance  methods  may  be 
feasible  as  part  of  the  ultimate  disposal  of  sludge  from  the  North  Central  Texas  region 
depending  upon  the  final  disposal  location  of  the  sludge. 

It  has  been  sugested  that  sludge  may  be  pumped  economically  over  distances  from  25 
to  over  100  miles.  Total  annual  costs  for  existing  sludge  pipeline  systems  are  reported 
to  range  from  about  S3  to  S7  per  ton  of  dry  solids.  Sludge  conveyance  by  pipeline  can 
be  simple,  flexible,  inexpensive  anil  relatively  trouble-free. 

Barging  of  sludge  to  disposal  areas  away  from  the  metropolitan  Dallas-Fort  Worth 
area  may  become  feasible  with  the  completion  of  the  planned  Trinity  River 
Canalization  Project.  Disposal  areas  may  be  either  on  land  or  the  Gulf  of  Mexico. 

Ocean  Disposal  of  Sludge.  Ocean  disposal  as  currently  practiced  by  many  large  U.S. 
cities  is  accomplished  by  dilution  of  sludge  conveyed  to  the  point  of  disposal  by 
pipeline  or  barge.  Barged  sludge  may  be  in  liquid  or  dewatered  form.  A study 
conducted  bv  the  Washington,  D.C.  Department  of  Sanitary  Engineering  indicated 
that  barging  of  sludge  distances  of  200  miles  may  be  economical.  Estimated  1970  unit 
costs  ranged  from  about  $18  to  $21  per  ton  of  dry  solids  for  7.5  percent  and  4.0  percent 
sludge  concentrations  respectively.  These  costs  included  thickening,  digestion, 
elutriation,  vacuum  filtration  and  barging  to  sea. 

W hether  ocean  disposal  is  accomplished  by  pipeline  (outfall)  or  barging,  the  point  of 
disposal  must  he  so  selected  that  no  beach  pollution  or  detrimental  effects  on  this 
marine  env  ironment  w ill  occur. 

Land  Disposal  of  Sludge.  Sludge  may  he  disposed  of  to  the  land  environment  in  either 
the  liquid  or  non-liquid  state.  Sludges  in  the  liquid  state  are  those  resulting  from 
primary  settling,  activated  sludge,  sludge  thickening  and  sludge  digestion  processes. 
Sludges  in  the  non-liquid  state  are  sludges  from  the  above  processes  which  have  been 
in  addition  dewatered,  dried  and/or  incinerated.  Undigested  or  unconditioned 
primary  or  activated  sludges  are  not  considered  desirable  for  land  disposal  because  of 
the  possibility  of  water  pollution  and  hazard  to  health  which  might  result  from  such 
disposal. 

Liquid  digested  sludge  contains  slow  conditioning  agents  and  all  elements  essential  to 
the  growth  of  green  plants  and  is  therefore  finding  increasing  favor  as  a method  of 
ultimate  sludge  disposal.  Digested  sludge  is  being  applied  to  farm  land  and  other  rural 
lands  and  communities  throughout  the  country.  As  eomnionlv  practiced,  there 
appears  to  be  little  danger  that  human  disease  or  parasitic  infections  are  transmitted 
through  the  consumption  of  crops  grown  on  sludge-treated  soil.  In  St.  Marys, 
Pennsylvania,  anaerobically  digested  liquid  sludge  has  been  hauled  without  charge 
and  spread  I -in  thick  on  pastures,  meadows  and  crop  lands  every  other  year  since 
1964.The  soil's  physical  and  biological  condition  appears  to  he  verv  good  and  there 
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were  no  complaints  of  objectionable  odor.  The  New  Y ork  City  Park  Department  has 
been  using  high  rale  digested  sludge  as  a topsoil  for  new  parks  and  the  City  of  I.as 
Vegas,  Nevada  uses  all  of  its  sewage  sludge  for  the  development  of  parks,  recreational 
areas  and  cemetery  facilities.  It  has  been  found  that  the  sludge  has  been  a very  useful 
soil  builder  at  both  locations. 

The  Metropolitan  Sanitary  District  of  Greater  Chicago  is  currently  experimenting 
with  raising  crops  on  land  being  irrigated  with  digested  sludge.  Basic  crops  being 
raised  as  part  of  this  experiment  are  field  corn  and  pasture  grasses.  The  l .S.  Public 
Health  Service  is  cooperating  in  the  project  with  the  FWQA  to  assure  that  the 
disposal  of  sludge  does  not  cause  adverse  effects  on  groundwater  supplies  and  will  also 
conduct  investigations  to  determine  the  effects  of  the  sludge  on  p’ant  growth  and 
quality.  It  is  expected  that  as  the  project  develops  handling  methods  w ill  he  improved 
so  that  the  sludge  will  be  pumped  to  the  site  and  applied  by  spray  irrigation 
techniques.  Current  plans  are  directed  toward  the  development  by  the  year  201.)  of  a 
21,500  acre  tract  of  land  that  will  have  the  capacity  for  using  all  of  the  digested  sludge 
from  Chicago’s  West  Southwest,  Calumet,  and  Northside  waste  treatment  plants. 

The  use  of  liquid  digested  sludge  for  land  reclamation  provides  a long-range  solution 
to  and  provides  a beneficial  use  of  sludge  which  has  a high  organic  food  value.  In 
addition  it  is  claimed  that  there  are  no  air  pollution  problems  associated  with  this 
method  of  sludge  disposal.  The  cost  of  digestion  and  land  reclamation  is  reported  to 
be  about  S20 /ton  of  dry  solids.  With  the  availability  of  large  acres  of  farm  land  within 
50  to  75  miles  of  the  Dallas-Fort  Worth  metropolitan  area,  consideration  of  this 
method  of  disposal  would  appear  to  be  warranted. 

The  disposal  of  sludge  in  the  non-liquid  state  is  commonly  termed  landfill. 
Landfilling  is  commonly  used  for  sand  bed  dried  digested  sludge  and  for  mechanically 
dewatered  raw  or  digested  sludge.  Frequently  such  materials  is  disposed  of  to  a 
landfill  or  dump  as  other  types  of  solid  waste  as  discussed  later  in  this  chapter. 

Landfilling  is  economical  if  land  is  located  within  a reasonable  distance  but  as  with 
other  methods  of  sludge  disposal  care  must  he  taken  to  prevent  possible  surface  and 
groundwater  pollution.  A dewatered  raw  sludge  should  be  covered  with  soil  as  a 
precaution  against  disease  transmission  and  odor  problems,  and  future  land  use  of  the 
area  should  be  considered. 

The  use  of  sand  bed  dried  sludge  or  dewatered  digested  sludge  as  a fertilizer  or  soil 
conditioner  is  a desirable  and  economical  method  if  the  demand  exists  within  a 
reasonable  distance.  As  noted  previously  the  City  of  Fort  Worth  is  currently 
constructing  a large  lagoon  area  where  sludge  from  the  Village  Creek  plant  will  he 
dried.  It  is  planned  to  control  the  depth  of  the  sludge  on  the  beds  to  10  or  12-in.  and 
the  area  about  120  acres  is  expected  to  be  ample  to  permit  drying  of  the  sludge  by 
evaporation.  It  is  hoped  that  the  dried  sludge  may  be  utilized  as  fertilizer.  At  present 
the  Fort  Worth  Riverside  Plant  sludge  is  given  to  anyone  who  wants  it.  The  Texas 
Highway  Department  has  used  a considerable  quantity  of  it. 

At  Amarillo,  Texas  sludge  is  removed  from  sand  drying  beds,  ground,  and  loaded  onto 
the  customer’s  truck.  It  is  reported  that  the  demand  for  sludge  as  fertilizer  exceeds  the 
supply. 
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Health  regulations  usually  allow  the  use  of  dried  digested  sludge  on  vegetable  plots 
provided  that  the  edible  portion  of  the  crops  grow  above  ground  or  the  crops  are 
cooked  before  eating.  Dewatered  raw  sludge  must  be  sterilized  during  processing 
before  any  application  for  agricultural  purposes  in  order  to  minimize  health  hazards. 
Ash  disposal  resulting  from  the  incineration  of  sludge  is  relatively  simple  because  of 
its  comparatively  small  volume  and  inert  character.  Ash  has  been  used  for  landfilling, 
road  construction  and  other  similar  purposes.  The  cost  is  generally  low  and  no  sanitary 
problem  is  involved. 

Comparison  of  Methods.  It  is  evident  that  sludge  treatment  and  disposal  costs  vary 
greatly  . This  statement  is  valid  even  though  two  similar  treatment  plants  use  identical 
sludge  treatment  processes  and  identical  disposal  methods.  For  this  reason,  detailed 
studies  should  be  made  of  comparative  costs  for  each  particular  disposal  situation. 
Inasmuch  as  sludge  disposal  and  handling  generally  represents  between  25  and  50  per 
cent  of  total  treatment  plant  capital  and  operating  costs  detailed  studies  are 
thoroughly  justified. 

For  the  North  Central  Texas  region  disposal  of  sludge  at  relatively  small  plants  will  no 
douht  continue  to  he  through  the  use  of  sand  drying  beds  with  disposal  of  sludge 
either  to  landfill  or  used  for  grow  ing  crops  or  other  vegetation  by  those  desiring  it.  For 
the  larger  plants  such  as  those  proposed  as  joint  plants  under  the  recommended 
regional  sewerage  plan  consideration  should  be  given  to  sludge  treatment  and  disposal 
systems  including  the  following: 

1.  Sludge  digestion,  drying  on  sand  beds,  grinding,  followed  by- 
landfill  and/orsoil  conditioning. 

2.  Sludge  digestion,  piping  of  liquid  sludge  to  land  reclamation. 

3.  Conditioning  of  sludge  follower!  by  piping  to  land  reclamation. 

It  should  be  noted  that  each  of  the  above  methods  involves  the  use  of  sludge  for  some 
form  of  fertilizer,  soil  conditioning  and/or  land  reclamation  purpose. 

In  1968  it  was  reported  that  approximately  13  percent  of  the  COG  area  or  about 
667.000  acres  of  agricultural  land  were  being  fertilized  using  commercial  fertilizers.  It 
is  estimated  that  by  the  year  1990  approximately  120.000  tons  per  year  of  dried 
digested  sludge  would  be  produced  at  the  six  recommended  joint  treatment  plants.  If 
all  this  sludge  were  applied  to  agricultural  land  instead  of  commercial  fertilizers, 
average  application  could  be  as  high  as  360  lb  per  year  per  acre.  Commercial  fertilizer 
(5-20-20)  applications  on  corn  fields  may  range  from  150  to  360  lb  per  year  per  acre  as 
discussed  in  Chapter  III.  While  specific  nutrients  in  sludge  must  be  considered  in  the 
light  of  fertilizer  requirements  for  specific  crops,  nevertheless  it  is  evident  that  the 
quantities  of  sludge  available  are  comparable  to  the  requirements. 

Evidence  to  date  suggests  that  the  use  of  liquid  digested  sludge  for  land  reclamation 
and  soil  improvement  will  not  compete  with  commercial  fertilizers.  The  reason  for 
this  primarily  is  that  manufactured  fertilizer  is  less  expensive  and  easier  to  handle. 
The  sludge  can  become  expensive  to  apply  if  transportation  distances  are  excessive. 
Vt  bile  the  application  of  liquid  sludge  to  land  may  have  certain  merit  for  the 
improvement  of  soils,  it  is  nevertheless  an  aesthetically  undesirable  method  because  of 
the  unpleasant  nature  of  sludge  and  general  reticence  on  the  part  of  the  public  to 
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accept  such  practices  in  their  vicinity.  It,  therefore,  is  conceivable  that  sludge  from 
major  plants  in  the  North  Central  Texas  region  may  be  dried  either  on  open  sludge 
sand  drying  beds  or  by  heating,  ground  as  required  and  made  availabe  to  the  public 
either  in  bag  or  in  bulk  quantities. 

In  order  to  encourage  the  large-scale  use  of  dried  sludge  in  the  quantities  necessary,  it 
would  be  necessary  to  set  low  prices  for  the  sludge,  even  though  charges  may  not  cover 
the  cost  of  sludge  production.  With  this  prospect  commercial  fertilizer  companies 
might  find  it  quite  desirable  to  purchase  the  sludge  in  large  quantities  and  process  it 
for  commercial  sale.  Detailed  studies  should  be  conducted  to  establish  the  proper 
disposition  of  the  dried  sludge  and  the  charges  to  be  made  for  it. 
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SOLID  WASTE  DISPOSAL 


GENERAL  DISCUSSION 

Disposal  of  solid  wastes  or  refuse  is  a problem  of  increasing  urgency  as  the  population 
grows,  as  the  amount  of  waste  per  capita  becomes  rapidly  larger,  and  as  suitable 
landfill  sites  become  scarcer  and  more  expensive  near  urban  areas  such  as  the  Dallas- 
Fort  Worth  Metropolitan  area.  Fire  and  smoke,  increasing  numbers  of  rodents  anti 
insects,  and  pollution  of  air,  ground  and  water  supplies  are  some  of  the  obvious  effects 
of  the  improper  disposal  of  refuse.  In  1969,  Senate  Bill  125  was  passed  by  the  Texas 
Legislature,  which  gives  the  Texas  State  Department  of  Health  local  governments  the 
authority  to  control  solid  waste  disposal.  Also  in  1969  the  Texas  Legislature  passed 
House  Bill  1367  which  authorized  Commissioners  Courts  of  Counties  to  acquire, 
construct,  improve,  equip,  maintain,  finance,  and  operate  solid  waste  disposal 
facilities.  This  Act  further  granted  to  the  Commissioners  Courts  the  power  to 
promulgate  all  reasonable  regulations  and  rules  applicable  to  the  usage  of  such 
disposal  facilities. 

Refuse  is  generally  defined  as  being  all  of  the  solid  wastes  of  a community  from 
domestic,  municipal,  commercial  and  industrial  sources  including  those  semi-liquid  or 
wet  wastes  whose  moisture  content  is  insufficient  to  make  the  material  free  flowing  (it 
may  also  include  hazardous  liquid  wastes).  Refuse  may  be  classified  into  four 
categories:  garbage,  rubbish,  ashes  and  special  wastes.  Garbage  consists  of  putrescihle 
wastes  derived  from  the  preparation,  cooking  and  serving  of  foods;  from  their 
handling,  storage  in  slaughterhouses,  canneries  and  quick-freeze  industries;  and  from 
their  handling  and  storage  in  transport  units  and  warehouses.  Rubbish  consists  of 
nonputrescible  wastes  of  a combustible  and/or  non-combustible  character  normally 
produced  by  the  community.  Typical  combustibles  are  paper,  wood  and  cloth 
products;  rubber,  leather  and  synthetic  products  and  garden  wastes.  Typical  non- 
combustibles  are  metals,  metallic  and  certain  plastic  products,  stones  and  dirt, 
masonry,  ceramic  and  glass  products.  Ashes  consist  of  residue,  including  cinders  and 
fly  ash,  from  burning  solid  fuels  for  cooking  and  heating,  and  from  on-site 
incineration  of  refuse  materials.  Such  non-comhustihle  materials  may  constitute  from 
15  to  35  percent  by  weight  of  the  refuse  as  received.  Special  wastes  include  the 
following: 

(1)  Street  refuse-sweepings,  litter,  leaves  and  dirt; 

(2)  Demolition  and  construction-lumber,  masonry,  plaster,  piping, 
conduits,  roofing  and  insulation,  excavated  dirt  and  stone; 

(3)  Dead  animals-cats,  dogs,  rodents,  birds,  fish,  cattle,  horses  and  zoo 
specimens; 

(4)  < hit  sized  wastes-abandoned  vehicles,  stoves  and  refrigerators,  over- 
large furniture,  tree  trunks  and  slumps; 

(5)  Sewage  treatment  removals-screening,  grease  and  scum,  grit, 
dewatered  or  dried  sludge; 

(6)  Anatomical  and  pathological  wastes  from  hospitals,  clinics  and 
medical  centers; 
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(7)  Industrial  (usually  self-disposed).  These  are  almost  limitless.  They 
range  from  the  quite  common  cinders  and  fly  ash  from  power  plants  to 
highly  specialized  wastes  of  specific  industries.  They  include  various 
hazardous  chemicals  and  chemical  by-products,  paints,  explosives,  and 
radioactive  wastes; 

(8)  Miscellany-trees, rubber  tires,  various  plastic  materials,  cemetery- 
floral  pieces. 

Total  and  per  capita  refuse  production  is  rising  at  an  increasing  rate.  It  is  reported 
that  per  capita  refuse  generation  in  some  locations  has  increased  from  2.5  lb  per  day- 
fifteen  years  ago  to  about  5 lb  per  day  at  present.  It  is  expected  to  continue  to  increase 
at  a rate  of  at  least  2 percent  per  year.  The  estimated  annual  solid  waste  production  of 
the  2.690.000  people  now  living  in  the  North  Central  Texas  region  is  thus  about 
2,450,000  tons  (or  6,700  tons  per  day).  The  packaging  industry  is  conscious  of  the  need 
to  reduce  disposal  problems  associated  with  current  packaging  materials,  and  it  is 
hoped  that  changes  can  be  made  to  reduce  the  rate  of  increase.  In  addition,  the  effect 
of  the  Dallas-Fort  Worth  Regional  Airport  on  solid  waste  production  and  disposal 
must  be  considered. 

PUBLIC  HEALTH  ASPECTS 

Disease-producing  agents  fall  into  two  categories;  biological  agents  and  chemical 
agents.  In  the  instance  of  biological  agents,  the  U.S.  Public  Health  Service  reports  that 
solid  wastes  are  a possible  source  of  disease  in  the  United  States.  Although  the  actual 
incidence  of  disease  due  to  solid  wastes  alone  is  not  known  (estimates  are  made  from 
known  modes  of  transmission), it  is  reported  to  be  significantly  higher  incertain  groups, 
particularly  those  without  general  sanitation  including  proper  solid  waste  disposal 
means.  The  diseases  considered  to  result  from  improper  solid  waste  disposal  are 
infectious  (biological)  in  nature,  no  relationship  having  been  established  for  nun- 
communicable  disease  agents  because  of  lack  of  data.  Regardless  of  the  lack  of  specific 
data,  it  appears  logical  that  the  transmission  of  disease,  whether  by  direct  contact, 
vector  contact  or  indirect  contact,  may  he  attributed  in  part  to  the  environment  being 
contaminated  by  solid  wastes.  Thus,  the  proper  disposal  of  solid  wastes  is  of  public 
health  significance.  The  known  ability  of  flies  to  proliferate  enormously  in  organic 
wastes,  to  contaminate  themselves  with  fecal  wastes,  and  then  to  contaminate  man  and 
his  environment,  incriminates  the  fly  as  a major  health  hazard.  Flies  are  proven 
carriers  of  many  disease  agents,  and  fly-control  experiments  indicate  that  they  are 
significant  transmitters  of  shigelIosis(bacillary  dysentery ). A definite  factor  of  disease 
transmission  must  be  the  domestic  fly  population  which  is  largely  regulated  by  the 
breeding  opportunities  afforded  and  which  in  turn  can  be  controlled  by  the  solid 
waste  disposal  practices  of  an  area. 

The  importance  of  solid  wastes  to  mosquito-borne  disease  such  as  malaria  is  less  clear 
than  in  the  case  of  the  fly.  The  relative  contribution  of  mosquitoes  bred  by  means  of 
solid  waste  consituents  such  as  water  filled  cans  as  opposed  to  that  of  mosquitoes  bred 
by  other  means,  has  not  been  studied.  The  inference  to  he  drawn  from  available 
information  is  that,  under  certain  circumstances,  the  presence  of  breeding  places 
provided  by  solid  wastes  could  contribute  to  dissemination  of  a disease  agent  in  a 
human  population,  although  loan  unknown  degree. 
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Rats  breed  in,  or  are  attracted  to,  food  wastes  and  can  propagate  in  large  numbers 
where  food  wastes  and  harborage  are  available.  Certain  species  of  rat  anil  other 
rodents  have  been  shown  to  carry  and  transmit  disease  agents  infectious  for  man,  such 
as  cholera  and  plague.  Considering  the  adaptability  of  the  rat.  the  numerous  sources  of 
food  other  than  wastes,  and  the  obscurity  of  its  contribution  to  human  disease 
incidence,  tin-  relative  importance  of  solid  waste  toward  this  contribution  is  equally 
obscure.  However,  the  fact  that  there  is  a positive  disease  association,  and  that  the  rat 
is  a dangerous  enemy  to  man  in  other  areas,  have  been  made  evident.  In  addition  to 
mosquitoes,  flies  and  rats,  roaches  and  ants  abound  in  solid  waste  disposal  areas  and 
may  also  transmit  disease  agents  to  man.  Biological  agents  found  in  solid  wastes 
include  pathogenic  bacteria,  \ iruses,  fungi,  protozoan  cysts,  and  helminth  eggs. 

Chemical  disease-producing  agents  are  becoming  more  and  more  important  because  of 
the  increasing  quantities  anil  varieties  of  chemicals  requiring  handling  and  disposal. 
Two  types  of  chemicals  are  of  special  concern;  carcinogens  (cancer  producing 
substances)  and  pesticides.  Carcinogens  have  been  reported  found  in  water  supplies 
contaminated  by  either  liquid  or  solid  wastes  (although  specific  instances  of  this  in  the 
NCTCOG  Area  are  not  known).  Pesticides  may  he  toxic  to  humans  and  have  long-term 
effects  as  yet  undetermined. 

A 1967  literature  survey  entitled  “Solid  Waste/Disease  Relationships"  prepared  for  the 
L.S.  Public  Health  Service  indicated  that  there  is  a continuing  need  to  catalog  specific 
agents  (biological  and  chemical)  and  components  of  solid  wastes  which  may  offer 
potential  hazards  because  of  the  changing  nature  of  solid  wastes  over  a period  of  years. 

METHODS  OF  DISPOSAL 

Growing  population  and  density  around  metropolitan  areas  result  in  a greater 
number  and  concentration  of  refuse  disposal  sites.  The  problem  of  where  to  locate 
refuse  disposal  sites  and  what  method  of  disposal  to  employ  is  of  great  concern  to 
\GTCOG,  the  Texas  Water  Quality  Hoard  and  other  Slate  and  Federal  agencies 
because  of  the  potential  threat  posed  to  the  quality  of  surface  and  underground 
waters.  In  the  study  area  there  are  a number  of  water-hearing  aquifers  providing  water 
lor  domestic  and  industrial  purposes,  although  a major  proportion  of  the  water  supph 
is  taken  from  surface  reservoirs  as  discussed  in  Chapter  II. 

Traditional  open  burning  and  non-hurning  dumps  are  no  longer  acceptable  methods 
for  the  disposal  of  solid  wastes  because  of  their  unhealthy  and  unsightly  nature.  This 
condition  is  especially  true  in  a rapidly  urbanizing  area  with  decreasing  areas  of 
available  remote  vacant  land  and  with  stricter  air  pollution  control  requirements.  \ 
recent  study  of  dump  grounds  and  sanitary  landfills  in  Tarrant  County  by  the  Texas 
Slate  Department  of  Health  recommends: 

1.  Some  of  the  presently  used  dumps  are  filled  to  capacity  and  should 

he  closed. 

2.  All  operating  disposal  sites  should  bo  maintained  as  sanitary 

landfills  w ith  continuous  compact  ion  of  refuse  and  daily  cart  h cov  er. 

.1.  Al  ,ng  operations  at  dump  grounds  should  he  discontinued  at 


4.  A si  11  filt*  count)  agency  should  he  responsible  for  solid  waste 
management. 

5.  Long-range  studies  should  he  made  of  the  solid  waste1  disposal  needs 
of  the  county  and  the  North  Central  Texas  Region.  Following  such  a 
study,  the  creation  of  a multi-county  waste  disposal  authority  might  be 
considered  and  carried  out. 

Most  cities  in  the  North  Central  Texas  region  are  utilizing  the  sanitary  landfill  method 
of  disposal.  However,  the  extent  to  which  water  pollution  may  be  resulting  from  the 
operation  of  these  landfills  has  not  been  determined.  A sampling  program  of  waters  in 
the  vicinity  of  such  landfills  should  be  undertaken  to  determine  if  such  pollution  is 
indeed  occurring.  If  significant  water  pollution  is  occuring  from  a landfill,  corrective 
measures  such  as  diking  or  otherw  ise  isolating  the  site  from  surface  and  ground  waters 
should  be  carried  out.  as  discussed  hereinafter.  In  suburban  and  rural  areas  a properly 
operated  sanitar\  landfill  is  usually  the  most  economical  of  several  acceptable  disposal 
methods.  However,  land  areas  suitable  for  sanitary  landfill  are  becoming  more  and 
more  difficult  to  find.  Three  acceptable  solid  waste  disposal  methods  are  sanitary 
landfill,  composting  and  incineration. 

Sanitary  land  fill  is  a controlled  method  of  ret  use  disposal  in  which  refuse  is  deposited 
on  aprepared  area  of  impervious  material(clay)and  compacted,  and  then  at  the  end  of 
each  day  covered  with  at  least  a 6-in  layer  of  compacted  granular  fill.  Thus,  each  day's 
refuse  is  enclosed  in  a cell,  preventing  ready  access  by  rats  and  insects.  Relatively 
extensive  areas  of  land  are  required  for  landfills.  The  useful  life  of  landfills  can  be 
extended  by  haling  and  compressing  the  refuse.  Vi  aler  supply  must  he  available  at  a 
landfill  site,  and  the  movement  of  surface  and  ground  water  must  he  controlled  as 
discussed  hereinafter.  Disposal  of  landfill  is  estimated  to  cost  Iron)  about  SI. at)  to  $11.50 
per  ton  depending  on  size.  Total  cost  for  handling  haled  and  compressed  refuse  in  a 
sanitarv  landfill  would  he  from  $6  to  S8  a ton.  Landlills  can  result  in  land  reclamation 
for  parks,  golf  courses,  etc.,  w hen  properlv  completed. 

Composting  of  refuse  is  a process  in  which  rubbish  and  garbage  are  placed  in  specially 
designed  containers  and  under  controlled  conditions  of  mositure  and  temperature  are 
allowed  to  biologieallv  decompose  over  a period  of  eight  days  to  twenty  days 
depending  on  the  method  used.  The  material  becomes  a relatively  inert  and  odorless 
humus  and  then  i'  suitable  for  use  as  a soil  conditioner,  but  a market  for  such  materia! 
is  frequentlv  not  available.  \\  ater  supply  i»  necessary  at  a composting  site,  and  surface 
and  groundwater  must  be  controlled  to  prevent  pollution  of  near-by  water  courses. 
(Composting  has  been  tried  in  Houston.  Texas,  but  for  economic  and  aesthetic  reasons 
has  not  been  a great  success  to  date.  However,  compost  has  value  as  a soil  conditioner 
and  as  such  could  have  considerable  value  in  agricultural  areas.  T urtbermore.  compost 
could  be  disposed  of  to  landfills,  tbits  lengthening  the  useful  life  of  the  landfills  by 
perhaps  50  percent . 

Inrinrration  i~  a proven  and  acceptable  method  of  refuse  disposal,  but  is  the  most 
expensive  because  of  the  complex  equipment  required.  \ properly  designed  and 
operated  incinerator  will  eliminate  odors  and  reduce  air  pollution  to  acceptable 
standards,  and  it  reduces  the  land  area  required  for  disposal.  Modern  specifications 
commonlv  require  less  than  5 percent  organic  and  less  than  0.2  percent  putrescihle 
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matter  in  the  residue.  Total  cost  for  an  incinerator  to  handle  1.600  tons  per  day  would 
be  about  S10  per  ton.  Air  pollution  control  requirements  are  resulting  in  greatly 
increased  construction  costs  for  incinerators.  Adequate  water  suppl)  and  facilities  for 
ash  disposal  must  be  available  and  an  incinerator  should  be  served  b>  a sanitary  sewer. 

Recent  studies  indicate  that  pathogenic  organisms  may  survive  in  significant  numbers 
in  incinerator  residues.  However,  proper  sanitary  landfill  disposal  of  the  residue  can 
prevent  these  surviving  organisms  from  becoming  a public  health  problem. 

Other  Methods  of  Disposal.  Other  method'  of  solid  waste  disposal  which  are  under 
studs  or  in  limited  use  are  listed  below: 

1.  Compressing  and  Baling  - This  method  involves  compressing 
ordinary  refuse  to  a volume  roughly  equivalent  to  incinerator  residue 
and  baling  the  compressed  material.  Bales  may  be  buried  or  used  as 
building  blocks,  but  gases  generated  by  organic  material  within  the 
blocks  appear  to  have  made  this  an  impractical  and  even  dangerous 
practice.  I nderground  salt  domes  may  possibly  be  used  as  disposal  sites 
for  high  density  bales  containing  very  low  voids. 

2.  Burning  and  Compressing  - This  method  involves  incineration  of 
the  refuse  and  compressing  the  residue  into  building  blocks. 

3.  Transport  - The  rail  haul  of  solid  waste  to  disposal  sites  located  at 
some  distance  from  the  metropolitan  area  has  been  studied  and  found 
economically  attractive  in  the  San  Francisco  and  Philadelphia  areas. 

However  the  reluctance  of  outlying  communities  to  receive  the  wastes 
has  thus  far  prevented  this  method  of  disposal  from  being  carried  out. 

I.  Pyroli/.ation  - This  method  involves  the  destruction  of  refuse  by 
heat  and  without  air.  but  it  does  not  result  in  significant  volume 
reduction. 

5.  Melt-zit  Destructor  - This  proprietary  system  will  burn  all  refuse 
from  wet  garbage  to  engine  blocks  at  high  temperature.  Volume  of 
waste  ntav  be  reduced  to  about  5 percent  of  that  of  the  original  refuse. 

6.  Destructible  Materials  - Efforts  are  now  underway  by  * 

manufacturers  to  develop  methods  of  making  their  products  more 

disposable,  i.e.  self-destroying  glass  and  plastic  containers  and 

chemicals  to  dissolve  plastics.  j 

7.  Reclamation  - Efforts  are  now  underway  to  reclaim  materials  such 
as  aluminum  cans  and  automobile  metals  from  refuse. 

II.  Reuse  - Many  managers  believe  that  the  only  lasting  solution  for  the 
solid  waste  disposal  problem  lies  in  the  recycling  and  reuse  of  wastes. 

Since  our  natural  resources  may  neither  he  created  nor  destroyed,  they 
should  he.  to  the  greatest  extent  attainable,  reused  to  complete  the 
evde.  Vlthough  the  reprocessing  svstem  might  cost  more  than  the  direct 
disposal  of  the  waste,  the  ultimate  value  of  reuse  might  prove  to  be  the 
most  economical  solution.  Efforts  are  now  underway  to  use  processed 
solid  wastes  for  Mich  uses  as  highway  pavement,  fertilizer,  and  building 
blocks. 
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\t  the  \SCE  Specialtiv  ( Conference  on  Power  in  1968,  it  was  suggested  that  electric 
utilities  examine  the  use  of  refuse  as  a fuel.  Increasing!)  strict  air  and  water  pollution 
control  requirements  arc  factors  suggesting  that  serious  consideration  he  given  to 
waste  heat  reeov erv  for  steam  and/or  power  generation. 


In  1967  the  Texas  Electric  Service  Companv  studied  the  possihililv  of  hurning  refuse 
at  the  City  of  Odessa.  Texas  to  produce  steam  or  power.  It  was  found  that  the  cost  of 
operating  a dual-purpose  plant  would  equal  or  exceed  the  value  of  the  steam  or  power 
it  produced,  so  the  cost  of  the  plant  itself  would  have  to  hi'  paid  hv  those  wanting  to 
dispose  of  their  wastes. 


If  it  is  assumed  that  .ft)  kilowatts  |kw)  ol  power  can  he  produced  from  a ton  of  refuse 
and  all  solid  waste  from  the  studv  area  (6.700  toil'  per  dav  ) could  hi'  burned  in  a 
central  plant,  as  much  as  200.000  kw  of  power  might  he  produced  at  present.  H\  I960 
power  production  from  this  source  would  increase  to  about  (00.000  kw.  \ separate 
power  plant  of  this  size  would  he  comparable  in  cost  per  kilowatt  to  the  larger  power 
units  ( (00.000  to  600.000)  w hit'll  are  built  It  id  ax . If  I lie  refuse  could  he  burned  in  a large 
plant  whose  primarv  fuel  was  ga-  this  method  of  disposal  might  become  more 
economical  than  other  methods.  The  generation  of  electric  power  using  refuse  as  a fuel 
and  reclaimed  sewage  effluent  for  cooling  water  should,  in  our  opinion,  he  explored  in 
detail.  The  use  of  reclaimed  sewage  effluent  is  discussed  earlier  in  this  chapter.  \n 
additional  fuel  source  for  such  a power  plant  might  he  excess  sludge  gas  produced  hv 
digestion  at  sewage  treatment  plants. 


The  United  States  Department  of  Health.  Education  and  Welfare  is  currently 
supporting  a Solid  Wastes  Program  which  includes  a research  and  development 
program  for  new  and  improved  methods  of  proper  and  economic  solid  waste  disposal; 
and  assistance,  both  technical  and  financial,  to  appropriate  agencies  in  the  planning 
and  development  of  solid  waste  disposal  programs.  The  Solid  Waste  Program  develops 
and  disseminates  technical  manuals,  standards  and  guidelines  concerning  design  and 
operation  of  incinerators  and  sanitary  landfills.  Model  State  statutes  are  also  being 
developed  in  Connecticut  and  Pennsylvania  for  effective  solid  waste  management. 


Planning  grants  of  up  to  two-thirds  of  project  costs  are  awarded  to  public  and  non- 
profit agencies  only  for  solid  wastes  management.  Research  grants  are  awarded  to 
agencies  for  studies  directed  toward  possible  solutions  or  are  for  the  purpose  of 
gaining  information  on  a wide  varietv  of  solid  waste  problems.  Grants  for 
demonstrations,  studies  and  investigations  are  supporting  projects  to  investigate  the 
feasibility  and  prove  the  performance  of  unusual  and  innovative  engineering 
techniques  and  devices,  as  well  as  to  demonstrate  improvement  in  the  more 
conventional  methods  of  solid  waste  disposal.  It  is  becoming  evident  that  much  more 
attention  should  be  given  in  the  future  to  the  reduction  of  solid  wastes  at  their  source 
and  to  the  recycling  and  reclamation  of  valuable  materials. 


EFFECT  OF  I.EACHING  ON  WATER  .SUPPLIES 


Whether  solid  waste  disposal  is  accomplished  hv  means  of  sanitary  landfills, 
composting  or  incineration,  the  leaching  of  the  wastes  or  residue  into  water  supplies 
may  occur.  The  leaching  of  landfills,  however,  is  of  greatest  importance  in  the 
pollution  of  ground  and  surface  waters. 


XI  -45 


\ n important  fac  tor  at  disposal  sites  is  the  possibility  that  disease-producing  agents 
ma\  migrate  through  the  soil  as  a result  of  leaching  and  movement  of  ground  water, 
and  pollute  water  supplies.  This  leaching  process  appears  to  he  a more  important 
problem  for  chemical  contaminants  than  for  organisms  because  of  natural  mortality 
and  or  removal  of  yirnses  and  cells  by  filtering  processes.  Water  treatment  processes 
generally  will  remove  pathogenic  organisms,  hut  some  toxic  chemicals  may  not  he 
remov  ed. 

I .caching  occurs  in  several  ways.  Groundwater  may  continually  or  intermittently  wet 
the  bottom  of  the  landfill  depending  on  changing  groundwater  levels.  The  flow  oi 
surface  drainage  may  pass  through  or  around  the  landfill  thus  saturating  it.  In  areas 
where  the  groundwater  table  is  generally  well  below  the  ground  surface  and  till 
material  would  not  he-  in  direct  contact  w ith  groundwater,  pollution  could  occur  as  t ho 
result  of  precipitation  and  surface  runoff  percolating  down  through  the  material  into 
the  groundwater. 

I’he  (California  State  W aler  Pollution  Control  Hoard  published  in  19154  a report  on  the 
leaching  of  a sanitary  landfill  which  stated  that: 

"A  sanitary  landfill,  if  so  located  as  to  he  in  an  intermittent  or 
continuous  contact  with  groundwater,  will  cause  the  groundwater  in  the 
immediate  vicinity  of  the  landfill  to  become  grossly  polluted  and  unfit 
for  domestic  or  irrigational  use.  It  may  he  expected  that  continuous 
leaching  of  an  acre  foot  of  sanitary  landfill  will  result  in  a minimum 
extraction  of  approximately  1.5  tons  of  sodium  plus  potassium.  1.0  tons 
of  calcium  plus  magnesium.  0.91  tons  of  chloride.  0.25  tons  of  sulfate 
and  5.9  toils  of  bicarbonate.  Removals  of  these  quantities  would  take 
place  in  less  than  one  year.  Removals  would  continue  with  subsequent 
years,  hut  at  a very  slow  rate.  It  is  unlikely  that  all  ions  ever  would  be 
remov  ed.” 

Grover  H.  Emrich,  Groundwater  Geologist  at  Penn  State  I niversitv  has  studied  the 
generation  of  leachate  and  its  subsurface  movement  and  recently  reported: 

“Maximum  initial  leachate  concentration  is  characterized  as  100  times 
stronger  than  raw  sewage  with  HOD  of  greater  than  20.000  mg  1.  (.OP 
greater  than  50.000  mg/1  iron  greater  than  1.000  mg  1.  and  chloride 
greater  than  2.000  mg/1.  Pollutants  are  partially  renovated  as  leachate 
moves  down  through  the  subsurface.  At  a depth  of  2 feet  below  a le«t 
landfill,  the  leachate  front  had  a BOD  of  3,400  mg/1  iron  200  mg  I.  and 
chloride  of  1,900  mg/I.  Six  months  later  when  the  front  reached  a depth 
of  12  feet  the  leachate  was  still  stronger  than  raw  sewage:  could  still 
cause  a groundwater  pollution  (BOD  910  mg/1,  iron  20  mg  1.  and 
chloride  500  mg/P). 

It  is  ev  id  cut  that  landfills  are  in  emit  in  nous  contact  with  ground  and  or  surface  water 
unless  properly  constructed. 

PROTKCTION  OF  GROI  NPW ATKR  AT  I.ANPFII.l.S 

Kven  where  public  water  supply  is  not  endangered,  water  should  lie  excluded  from 
landfills  to  the  maximum  practical  extent  to  minimize  the  possibility  of  water 
pollution.  The  services  of  an  engineering  geologist  should  he  employed  before  Using 
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any  lumll'ill  site  to  assure  that  subsurface  conditions  will  not  permit  contaminants  to 
leach  into  surface  or  groundwaters.  Such  a precaution  is  considered  important  because 
leaching,  once  begun,  may  continue  for  many  years. 

It  has  been  suggested  that  old  gravel  pits  he  utilized  for  landfill  purposes.  Since  almost 
w ithout  exception  gravel  operations  are  confined  to  stream  and  river  valley  s w hich  are 
also  the  sitesof  most  alluv  ial  well  development,  careful  consideration  should  he  given 
before  utilizing  them. 

It  is  ohv  iouslv  impractical  to  exclude  all  water  from  landfills  constructed  in  marshes  of 
flood  plains.  Such  fills  however  should  be  protected  by  imperv  ions  perimeter  dikes  of 
earth  which  will  minimize  erosion  of  the  fill  and  leaching  of  pollutants  into  adjacent 
waters.  Impervious  clay  lined  cells  may  also  he  effective  in  preventing  or  minimizing 
leaching.  Chemicals  of  toxic  nature  should  not  be  placed  in  the  till  as  they  may 
percolate  into  groundwater. 

The  following  regulations  are  based  on  the  Public  Health  Code  of  the  Connecticut 
State  Department  of  Public  Health  and  similar  regulations  should  he  considered  for 
the  North  ( Central  Texas  region: 

a.  Ifefttse  at  a refuse  disposal  area  shall  he  thoroughly  compacted  and 
covered  dailv . 

h.  defuse  should  not  he  deposited  less  than  50  feet  away  from  the  high 
watermark  of  a watercourse.  (Sites  should  not  he  located  in  flood  plains 
or  swamps. ) 

c.  At  least  two  feet  of  clean  fill  or  natural  ground  (preferably 
impervious)  must  he  maintained  above  high  groundwater. 

d.  At  least  four  feet  of  clean  fill  or  natural  ground  (preferably 
impervious)  must  he  maintained  over  rock. 

e.  A sanitary  landfill  must  he  at  least  500  ft  from  a small  private  well 
water  supply.  (This  requirement  may  he  reduced  to  300  ft  if  it  can  he 
shown  that  groundwater  flow  is  and  will  he  away  from  the  well.) 

f.  Supervision  of  a landfill  at  all  times  of  operation  is  a requirement. 

(This  is  a protection  against  improper  dumping  of  the  chemicals  and 
unwanted  wastes  mentioned  above). 


For  a metropolitan  area  to  meet  the  above  requirements  is  difficult,  but  unless  they 
are  achieved  consistently  throughout  the  North  Central  Texas  region,  greater 
pollution  of  surface  and  groundwaters  C sure  to  result. 

Groundwater  pollution  sources  are  difficult  to  trace  and  may  ruin  an  atpiifer  for  years, 
or  permanentlv.  This  potential  indicates  a real  need  to  examine  solid  waste  disposal 
techniques  and  sites  to  assure  that  leaching  will  not  produce  public  health  problems. 
'The  problem  is  one  of  water  pollutiori-no  matter  what  the  source.  Once  the  pollutant 
is  in  the  water,  it  may  never  he  known  whether  it  entered  the  water  originally  as  liquid 
or  as  solid  waste. 
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CONCLUSIONS 


In  conclusion,  a properly  constructed  and  operated  sanitary  landfill  is  a satisfactory 
and  economical  method  of  solids  waste  disposal,  and  it  will  not  create  problems  of 
public  health  or  water  quality.  A sampling  program  should  be  undertaken  in  the 
\ icinity  of  existing  landfill  sitesto  ascertain  the  extent  to  which  water  pollution  is  now 
being  caused  by  solid  waste  disposal  operations.  Following  such  a program  remedial 
measures  should  be  taken  to  eliminate  the  long-term  leaching  of  polluting  substances 
into  nearby  water  courses. 

Inasmuch  as  solid  waste  disposal  is  a regional  problem,  not  confined  to  county 
jurisdiction,  it  is  recommended  that  all  rules  and  regulations  administered  by 
counties  should  be  coordinated  through  a regional  agency  to  assure  the  maintenance 
of  uniform  requirements  and  standards  of  construction  and  operation.  W ith  the 
assistance  of  the  Texas  State  Department  of  Health,  cities  and  counties  ol  the  North 
Central  Texas  region  through  the  regional  agency,  should  consider  developing  a model 
solid  waste  disposal  ordinance. 
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CHAPTER  XII 

ADMINISTRATION  OF  RECOMMENDED  PLAN 
Al  THORITY  OF  EXISTING  GOVERNMENT  AGENCIES 

GENERAL 

Pollution  abatement  of  the  North  Central  Texas  area  waters  fall  within  the  authority 
of  many  governmental  agencies.  Federal,  State  and  local.  The  authorities  and 
responsibilities  of  the  various  agencies  frequently  overlap  and  centralized  (regional) 
authority  is  lacking.  The  authorities  and  responsibilities  of  the  various  existing 
agencies  are  discussed  briefly  herein  as  they  may  affect  the  control  of  pollution  within 
the  study  area. 

FEDERAL  AGENCIES 

Department  of  the  Interior.  The  Department  of  the  Interior  is  the  Federal  agency 
with  the  greatest  overall  responsibilities  in  the  field  of  water  resources.  These 
responsibilities  were  greatly  augmented  in  May,  1966  by  the  transfer  to  the 
Department  of  the  Interior  of  the  Federal  Water  Pollution  Control  Administration, 
now  the  Federal  Water  Quality  Administration  (FWQA),  from  the  Department  of 
Health.  Education  and  Welfare.  The  FWQA.  under  the  Federal  Water  Pollution 
Control  \ct.  Public  Caw  84-660.  as  ammended  by  the  Water  Quality  Act  of  1965. 
administers  a national  program  to  enhance  the  quality  and  value  of  the  nation's  water 
resources  and  to  otherwise  assure  the  fulfillment  of  a national  policy  for  the 
prevention,  control,  and  abatement  of  water  pollution.  In  accordance  w ith  the  Act  the 
State  of  Texas  has  adopted  water  quality  standards  as  discussed  in  Chapter  III. 

Guidelines  supporting  the  requirements  of  the  Federal  Water  Pollution  Control  Act 
are.in  part,  as  follows: 

1.  Standards  of  quality  established  pursuant  to  this  subsection  shall  be 
such  as  to  protect  the  public  health  or  welfare,  enhance  the  quality  of 
water  and  serve  the  purposes  of  this  Act. 

2.  The  discharge  of  matter  into  such  interstate  waters  or  portions 
thereof,  which  reduces  the  quality  of  such  waters  below  the  standards 
established  under  this  subsection  is  subject  to  abatement  in  accordance 
with  the  provisions  of  the  Act. 

8.  Economic,  health,  aesthetic,  and  conservation  values  which 
contribute  to  the  social  and  economic  welfare  of  an  area  must  be  taken 
into  account. 

I.  Water  quality  standards  woidd  provide  an  engineering  basis  for 
design  of  treatment  works  by  municipalities  and  industries. 

5.  Water  qualilv  standards  are  not  designed  for  use  primarilv  as  an 
enforcement  device  but  rather  to  provide  *he  orderly  development  ami 
improvement  of  our  water  resources. 
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In  addition  to  the  above  guidelines,  the  h AX  QA  has  adopted  a polio  which  allows  no 
“waste  amenable  to  treatment  or  control  to  he  discharged  into  am  interstate  water 
without  treatment  or  control  regardless  of  the  water  quality  c riteria  and  water  use  or 
uses  adopted”.  Furthermore,  such  wastes  must  receive  the  "best  practicable  treatment 
or  control”  unless  a lesser  degree  of  treatment  can  be  shown  sufficient. 

Among  the  major  functions  of  the  FVi  QA  are: 

1.  The  development  of  procedures  for  comprehensive  and  special 
programs  designed  to  eliminate  or  reduce  the  pollution  of  interstate 
waters  and  their  tributaries. 

2.  The  encouragement  and  cooperative  support  of  Slate  enforcement 
authorites  and  exercise  of  Federal  authority  as  required  to  abate 
pollution  of  interstate  or  na\  igahlc  waters. 

3.  The  encouragement  of  the  development  and  enactment  of 
improved  State  laws  and  the  development  id'  interstate  compacts. 

4.  The  conduct,  promotion,  and  support  of  research  investigations, 
experimentation,  and  demonstrations,  including  the  publication  of 
related  results  and  information. 

5.  The  awarding  of  grants  for  the  construction  of  municipal  waste 
treatment  works  as  discussed  hereinafter. 

6.  The  awarding  of  grants  and  utilization  of  contract  authoritv  to 
assist  in  demonstrating  new  or  improved  methods  for  controlling 
pollut  ion  a I waste  discharge  from  combined  sewer  s\  stems. 

In  addition  to  the  FWQA.  the  Department  of  the  Interior  also  has  within  its 
jurisdiction  the  I nitod  States  hish  and  \\  ildlife  Service.  I his  service,  in  promoting 
fisheries  resources,  has  a leading  interest  in  water  pollution  control,  water  supplv 
projects,  and  determination  of  benefits  from  the  standpoint  of  fish  and  wildlife. 

Departmentof  Housing  and  f rban  Development.  One  of  the  purposes  of  the  Housing  « 

and  l rban  Development  (HI  D)  Act  of  1965  (Public  I,aw  89-117)  is  to  encourage  cities 
to  construct  adequate  water  and  sewer  facilities  to  promote  the  efficient  and  orderly 
growth  and  development  of  urban  areas.  Grants  may  be  made  to  public  bodies  and 
agencies  to  finance  specific  projects  for  water  and  sewage  works  other  than  sewage 
treatment  works  for  which  grants  are  available  under  Federal  Water  Pollution 
Control  Act. 

lo  be  eligible  for  assistance  requires  showing  that  an  individual  project  is  or  will  he 
consistent  with  the  short-range,  area-wide  planning.  Water  and  sewer  systems  must 
not  only  be  planned  jointly,  but  must  also  be  appropriately  related  to  other  urban 
area  systems,  such  as  transportation  or  open  space  and  recreation.  Most  of  the 
planning  and  programming  activities  covered  can  be  assisted  under  III  D's  Section  701 
planning  assistance  program. 
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HLD  administers  the  National  Flood  Insurance  Act  of  1968  (Public  Law  90-448)  as 
amended,  which  provides  for  underwriting  flood  damages  in  flood  prone  residential 
areas.  It  requires  cities  to  establish  zoning  of  flood  plains  by  December  31.1971. 

Department  of  Agriculture.  I nder  the  Consolidated  Farmers  Home  Administration 
\et  of  1961.  as  amended.  (Public  Law  89-240)  grants  for  the  planning  and  construction 
of  water  supplv  systems  and  waste  disposal  works  are  provided  to  aid  rural  community 
development  in  accordance  with  comprehensive  overall  plans  for  area-wide 
development  of  such  facilities. 

The  Soil  Conservation  Service  is  concerned  with  the  effect  of  land  and  water  resources 
on  the  agricultural  economy  of  the  l pper  Trinity  River  Basin.  It  is  actively 
implementing  a Watershed  Improvement  Program  for  flood  prevention,  sediment 
control  and  water  management  under  the  authorities  of  the  Flood  Control  Act  of  1944 
(Public  Law  78-534)  and  the  Watershed  Protection  and  Flood  Prevention  Act  of  1954. 

Department  of  Defense.  The  Secretary  of  the  Army  is  responsible  for  the  civil  works 
program  of  the  Corps  of  Engineers,  which  includes  such  activities  as  waterways 
improvements,  flood  protection,  water  supply,  river  flow  regulation,  hydroelectric 
power,  shore  protection,  recreation,  and  regulation  of  use  of  navigable  waterway  s. 

The  Corps  prepares  reports  on  flood  information  in  various  watersheds,  when 
requested  by  appropriate  local  and  State  agencies,  under  the  authority  of  the  Flood 
Control  Act  of  1960  (Public  Law  86-654). 

The  Corps  of  Engineers  was  authorized  and  did  prepare  a “Comprehensive  Survey 
Report  on  Trinity  River  and  Tributaries,  Texas"'  in  1962  w hich  recommended  a project 
encompassing  flood  protection,  water  supply,  flow  augmentation,  navigation  and 
recreation  on  the  Trinity  River  as  discussed  in  Chapter  III.  Authority  for  the 
investigation  derived  from  a number  of  Congressional  resolutions  and  Section  112  of 
the  Rivers  and  Harbors  Act  of  1958. 

The  Rivers  and  Harbors  Act  of  1945.  the  blood  Control  Acts  of  1954.  1960.  1962  and 
Public  I,aw  86-399  authorized  the  construction  of  a number  of  projects 
(dams.floodway  extensions,  channel  improvements,  etc.)  which  form  part  of  the 
comprehensive  ri\er  plan.  The  Corps  exercises  control  over  water  releases  from  and 
development  of  its  reservoirs. 

Department  of  Health.  Education  and  II  elfare.  The  l .S.  Public  Health  Service  is 
under  the  Department  of  Health.  Education  and  V)  elfare  (HE^  ) and  it  retained  some 
responsibility  for  water  pollution  control  after  the  transfer  of  the  Federal  Vi  ater 
Pollution  Control  Administration  (now  the  F'WQA)  to  the  Interior  Department  as 
discussed  above.  The  Public  Health  Service  continues  to  have  broad  responsibilities 
for  environmental  health  activities,  including  conduct  of  research,  techniques  and 
methods  of  control,  development  and  utilization  of  manpower,  and  administration  of 
regulations  for  public  health  as  it  may  be  affected  by  environmental  pollution. 
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The  Solid  Waste  Disposal  Art  of  1965  (Public  Law  89-2721  is  administered  h>  HF'W. 
This  act  authorizes  grants  and  aid  to  local,  state  and  interstate  agencies  for  research, 
technical  training  and  demonstration  projects  as  discussed  in  Chapter  \ 1. 

Department  of  Commerce.  The  Economic  Development  Administration  (EDA)  was 
established  under  the  Secretary  of  Commerce  by  the  Public  W orks  and  Economic 
Development  Act  of  1965  (Public  Law  89-136).  'I'll is  Act  provides  grants  for  public 
works  including  water  and  sewer  facilities  when  they  contribute  to  the  economic 
development  of  eligible  depressed  areas. 

Federal  Installations.  Two  large  Federal  installations  within  the  study  area  have 
responsibilities  with  regard  to  sewerage;  the  Federal  Correctional  Institute  at 
Seagoville  and  the  Dallas  Naval  Air  Station  in  Grand  Prairie.  The  Federal  Correction 
Institute  currently  operates  and  maintains  its  own  sewage  collection  and  treatment 
system.  A studv  currently  is  being  made  to  phase  out  the  institute's  treatment  plant 
and  pump  sewage  into  the  city  of  Seagoville  sewerage  system.  The  Dallas  Naval  Air 
Station  sewage  treatment  plant  was  deactivated  in  1968  when  rights  in  the  IRA 
Central  Sewerage  System  were  obtained. 

STATE  OF  TEXAS  AGENCIES 

Texas  Water  Quality  Board  ( Article  7621(1.  et  seq.  Vernon's  Annotated  Civil  Statutes  of 
Texas,  as  amended  bv  Senate  Bill  147).  Formerly  known  as  the  Texas  Water  Pollution 
Control  Board,  the  TW  QB.  assisted  by  member  agencies  through  their  Austin  offices 
and  field  staffs,  is  principal  authority  in  Texas  in  water  quality  matters.  The  specific 
functions  relating  to  the  programs  of  the  Texas  Railroad  Commission,  the  I exas  AA  ater 
Development  Board,  the  Texas  Parks  and  \\  ildlife  Department,  and  the  Texas  State 
Department  of  Health  are  coordinated  with  the  programs  of  the  TAA  QB. 

The  TWQB  has  the  power  to  administer  the  Texas  Water  Quality  Act.  establish  the 
level  of  qualitv  to  he  maintained  and  control  the  quality  of  the  waters  of  the  State,  l'o 
accomplish  this  purpose  the  TW  QB  issues  orders  requiring  the  abatement  of  pollution 
from  anv  source.  It  also  issues  permits  for  the  discharge  of  waste  into  or  adjacent  to  the 
water  in  the  State  as  discussed  in  Chapter  A III  and  hold  public  hearings.  The  TW  OB 
also  cont  rols  or  prohibits  the  use  of  septic  tanks  as  discussed  in  ( .hap ter  I A . 

The  TW  QB  is  authorized  to  execute  agreements  with  the  Department  of  the  Interior 
and  other  Federal  agencies  that  administer  pollution  control  programs.  It  i-  also 
authorized  to  make  grants  and  loans  for  the  construction  of  treatment  works,  hut 
funds  have  not  been  made  available  for  this  purpose.  In  addition,  the  TAA  QB  may 
make  grants  or  interest-free  loans  to  or  contract  with  local  governments,  regional 
planning  commissions  and  planning  agencies  for  developing  effective,  comprehensive 
water  qualitv  control  and  pollution  abatement  plans.  This  report  is.  in  part,  financed 
by  the  TW  QB. 

Texas  State  Department  of  Health  ( Article  4414a.  et  seq.  Revised  Civil  Statutes  of 
Texas).  The  duties  of  the  TSDH  relate  to  the  public  health  aspects  of  water.  It  is  also 
represented  on  the  Texas  Water  Quality  Board.  The  duties  of  the  TSDH  were  not 
affected  bv  Senate  Bill  147.  an  Act  which  amended  the  Texas  Water  Quality  Act  of 
1967.  Its  duties  are  spelled  out  in  Chapter  234.  Acts  of  the  49th  Legislature.  1945  as 
amended.  It  makes  recommendations  to  the  TW  QB  in  all  matters  related  to  water 
quality. 
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The  TSDH  is  active  in  all  phases  of  public  health  work  on  the  Slate  level  through 
development  of  standards,  issuance  of  regulations,  etc.  On  the  local  level  it  works 
through  its  various  district  offices,  works  with  and  through  local  City  and  (!ount\ 
Health  Departments.  Its  services  include  routine  laboratory  testing  for  the  smaller 
municipalities  unable  to  provide  these  services  for  themselves.  An  important  field 
that  the  TSDH  is  active  in  is  the  training,  education  and  general  upgrading  of 
technical  and  operating  personnel  in  water  works  and  waste  treatment  plants. 

Texas  H oler  Development  Hoard  (Article  8280-9.  Vernon’s  Annotated  Civil  Statutes  of 
Texas).  The  TWDR.  represented  on  the  Texas  W ater  Quality  Board,  is  charged  with 
the  statewide  investigation  of  the  quality  and  use  of  surface  water  and  groundwater. 
The  powers  and  duties  of  the  TW  DB.  unaffected  by  Senate  Bill  147.  are  specified  in 
Chapter  82.  Acts  of  the  57th  Legislature.  Regular  Session.  1961.  as  amended  (Article 
7621b.  \ ernon's  Texas  Civil  Statutes),  The  TAX  DB.  along  with  the  Texas  Vi  ater  Well 
Drillers  Board,  continues  to  exercise  the  authority  granted  to  it  in  Chapter  264.  Acts  ol 
the  59th  Legislature.  Regular  Session.  1965  (Article  7621e.  A ernon's  Texas  Civil 
Statutes). 

The  TVi  DB  has  developed  a master  water  plan  for  Texas,  as  discussed  in  Chapter  III. 
It  participates  with  Federal  agencies  in  planning  resource  developments,  and 
participates  in  the  financing  of  water  projects  through  the  Texas  AX  ater  Development 
Fund,  presentlv  authorized  by  the  Constitution  at  $400,000,000. 

Texas  Railroad  Commission  (Article  742ld.  Sec.  10  (c)  (4).  Annotated  Civil  Statutes  of 
T<*xas).  The  Texas  Railroad  Commission,  represented  on  the  Texas  Water  Quality 
Board  is  solelv  responsible  for  the  control  and  disposition  of  brine  produced  in  oil 
and  gas  field  operation,  and  of  related  pollution.  The  J RC  may  issue  permits  for  the 
discharge  of  waste  resulting  from  such  operations.  Discharge  ol  such  waste  into  any 
water  in  the  State  must  meet  the  water  quality  standards  established  by  the  Texas 
Water  Qualitv  Board.  The  powers  and  duties  ol  the  TRC.  unaffected  by  Senate  Bill 
No.  I 17.  are  specified  in  Chapter  82.  Acts  of  the  57th  Legislature.  Regular  Session.  1961. 
as  amended  ( Art  ide  7621b.  A ernon’s  Texas  Civ  i I Statutes). 

Texas  llater  Rights  Commission  (Article  7 177.  et  seq.  A ernon  s Annotated  Civil 
Statutes  of  Texas).  'The  Texas  Water  Rights  ( iommission  is  responsible  for  superv  ising 
the  operation  of  local  and  regional  water  agencies  and  for  protecting  the  public 
interests  and  individual  property  rights  in  water  development  and  use.  I he 
Commission's  authority  includes  the  administrative  adjudication  of  water  rights. 
Public  hearings  on  proposed  Federal  projects  are  held  by  the  Commission,  which 
provides  comments  to  the  Governor  on  (hose  proposals.  It  also  designates  local 
sponsors  on  projects  to  he  constructed  hv  a Federal  agency  . 

I exas  Soil  and  Hater  Conservation  Hoard  ( Article  165a-4.  et  seq.  A ernon  s Annotated 
Civil  Statutes  of  Texas).  The  Conservation  Board's  program  includes  upstream 
watershed  flood  retardation,  erosion  prevention,  agricultural  drainage,  and  related 
programs.  Reservoirs  constructed  under  the  upstream  flood  prevention  program  may 
include  storage  capacity  for  municipal,  industrial,  irrigation  and  recreation  purposes. 
The  Board  cooperates  with  the  local  soil  and  conservation  districts  and  the  l ,S.  Soil 
I onserv  at  ion  Sen  ice. 
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Texas  Parks  and  W ildlife  Department  (Article  978C-3A,  Vernon’s  Annotated  Penal 
Code  of  Texas).  The  responsibilities  of  the  Parks  and  Wildlife  Department  (P&Vi  D) 
relate  to  wildlife,  to  fisheries  in  streams,  hays,  and  the  Gulf  of  Mexico,  and  to 
recreation.  The  P&WD.  in  the  same  manner  as  the  Texas  Water  Quality  Board,  may 
cause  suit  to  he  instituted  in  a district  court  for  injunctive  relief,  civil  penalties,  or 
both,  against  a person  violating  any  provision  of  Section  4.01  of  Senate  Bill  No.  147.  or 
any  rule,  regulation,  permit  or  other  order  of  the  TWQB  that  particularly  affects 
aquatic  life  or  wildlife.  Within  the  N'CTCOG  area,  the  development  of  major 
reservoirs  has  four  effects  upon  the  programs  and  responsibilities  of  the  P & ^ D: 

1.  Demand  for  recreational  facilities 

2.  Improved  fisheries 

3.  Loss  of  wildlife  habitat 

4.  Possible  impacts  on  downstream  bays  and  estuaries 

The  Parks  and  Vi  ildlife  Department  is  represented  on  the  Texas  Vi  ater  Quality  Board. 

The  Interagency  \atural  Resources  Council  was  created  by  H.B.  276  of  the  Sixtieth 
Legislature.  P. L.  90-454  directed  the  U.S.  Department  of  the  Interior  to  undertake  a 
Texas  Estuarine  (Conservation)  Study  which  has  now  been  re-named  the  Coastal 
Resources  Management  Program.  The  function  of  the  INRCas  set  forth  in  the  Senate 
Resolution  is  to  make  a comprehensive  study  of  the  state’s  submerged  lands,  beaches, 
islands,  estuaries,  and  estuarine  areas,  including  but  without  limitations  coastal 
marshlands,  bavs,  sounds,  seaward  areas,  and  lagoons.  The  purpose  of  the  study  is  to 
insure  an  orderly  development  of  the  coastal  region,  keeping  in  balance  preservation 
of  the  natural  beauty  and  resources  with  that  of  commercial  utilization  of  the  area. 

The  Council  is  chaired  h\  the  Governor  and  composed  of  the  Executive  Directors  of 
the  participating  member  agencies;  however,  it  is  not  a part  of  the  Governor’s  Office, 
hut  a separate  political  entity  of  Texas  State  Government.  It  is  to  submit  on  or  before 
December.  1970.  to  the  Governor  and  to  the  Legislature  a progress  report  indicating 
the  status  of  it*  studies  to  date,  together  with  any  recommendations  for  emergency 
legislation,  with  a final  report  to  be  submitted  on  or  before  December.  1972.  The  final 
report  is  to  make  recommendations  for  appropriate  legislation  to  carry  out  the 
purposes  of  it*  studv.  The  INRC  i*  operating  under  a budget  of  $200.000. 00. which  was 
appropriated  In  the  6l*t  Texas  Legislature,  and  has  the  power  to  contract  with  or 
receive  aid  from  state,  federal  or  local  public  agencies  or  private  agencies.  It  is  to  avoid 
duplication  of  work  and  to  make  the  maximum  use  of  all  available  data  from  state  and 
federal  agencies  and  the  resolution  specifically  directs  all  city,  county  and  state 
officials  to  make  their  data  available  to  the  INRG  without  charge.  The  preliminary 
planning  effort  began  on  March  I.  1969.  by  the  means  of  a $10., >00. 00  interagency 
contract  between  the  Interagency  Natural  Resources  Council  and  the  Sea  Grant 
Program  of  Texas  \ & M l niversity.  The  scope  of  this  effort  is  to  compile  an 
annotated  bibliography  of  prior  studies,  studies  currently  funded  and  proposed 
research  reports  and  action  programs  hy  federal.  *tate  and  local  governments  and  hy 
institution,  entities  and  industry  within  the  coastal  region.  This  report  is  now 
completed  and  published. 
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The  present  members  of  the  Council  are  Office  of  the  Governor,  General  Land  Office, 
Texas  Air  Control  Board,  Texas  Industrial  Commission,  Texas  Railroad  Commission, 
Texas  Highway  Department.  Texas  Parks  and  Wildlife  Department.  Texas  Soil  and 
Water  Conservation  Board,  Texas  Water  Quality  Board.  Texas  Stater  Development 
Board,  Texas  Water  Rights  Commission  and  Ex  Officio  Members.  An  enumeration  of 
the  task  subjects  which  will  be  considered  fluring  the  planning  effort  are  sociology, 
economic  development,  recreation,  land  use.  transportation,  water  quality,  physical 
dispersion,  chemistry,  hydrology,  biology  and  ecology,  coastal  engineering,  geology, 
legal  research  and  systems  management. 

Although  the  primary  area  to  be  encompassed  by  the  study  will  be  50  miles  inland  and 
10  miles  seaward,  it  will  in  effect  extend  beyond  these  boundaries  because  of  the  areas 
draining  into  the  study  area. 

Perhaps  the  most  important  effect  of  the  I ARC  will  be  its  funtion  as  a state  clearing 
house  to  review  federal  natural  resources  grants  to  the  State  of  Texas. 

Other  activities  of  the  Council,  in  addition  to  the  Coastal  Resources  Management 
Program  and  the  State  Clearinghouse  functions,  are  the  development  of  a water  data 
information  system,  formulation  of  joint  procedures  for  coordination  of  federally- 
supported  water  projects,  ami  preparation  of  natural  resources  legislation. 

REGIONAL  AGENCIES 

I he  \orth  (.entral  Texas  Council  of  Governments  was  established  in  1966  under 
authority  provided  by  the  1 exas  Legislature  (Chapter  570.  Article  101  lm. Vernon's 
\nnotiitcri  (.’nil  Statutes  of  I exas).  \ voluntary  association  ot  117  local  governments, 
represented  by  elected  officials  in  the  region,  the  NCTCOG  serves  the  ten-countv 
metropolitan  Dallas-  fort  Worth  \rea.  It  fosters  intergovernmental  cooperation  and 
coordination. conducts  regional  planning  activities  and  both  complements  and 
supplements  local  government. 

Senate  Bill  .vl7.  which  amended  Chapter  57(1  in  1969.  clearlv  defined  and  broadened 
the  scope  of  regional  councils  and  provided  Texas  COG's  with  additional  State 
financial  assistance  for  comprehensive  regional  planning.  NCTCOG,  as  Regional 
Planning  Commission,  may  make  studies  and  plans  to  guide  the  unified,  far-reaching 
development  of  the  area,  to  eliminate  duplication,  and  to  promote  economv  and 
efficiency  in  the  coordinated  development  of  the  area.  It  mav  recommend  to 
cooperating  governmental  units  the  programming  and  financing  of  projects  and 
facilities  needed  for  such  development.  The  ten  county  region  was  recently  designated 
as  the  air  quality  control  region. 


N( . I COG  has  no  powers  of  enforcement  and  has  no  power  to  lev  v anv  character  of  tax. 
but  it  is  eligible  to  receive  Federal  grants  for  water  pollution  control.  The 
participating  local  governments  may  appropriate  funds  to  the  NCTCOG  for  the  cost 
and  expenses  required  in  the  performance  of  its  purposes  <» f planning  and 
recommendation. 

Trinity  River  Authority  of  Texas.  Coder  Article  XVI.  Section  59  of  the  Texas 
( .oust it ut ion.  the  1 R A w as  created  as  a conservation  and  reclamation  district.  It  is  the 
governmental  agency  and  political  subdivision  of  the  State  of  Texas  specificallv 
created  by  the  Legislature  for  the  purpose  of  developing  tin-  water  resources  of  the 
Trinity  River  Basin  (limited  to  river  downstream  of  reservoirs).  The  portion  of  the 
NCTCOG  area  that  lies  within  TRA  boundaries  includes  all  of  Dallas.  Tarrant  and 
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Ellis  Counties,  anil  most  of  Kaufman  County.  The  portion  of  Henderson  County 
generally  west  of  Athens,  contiguous  to  the  NCTCOG  area  ami  lying  within  the  study 
area,  is  also  w ithin  TRA  jurisdiet ion.  Remaining  areas  w ithin  the  study  area  do  not  tail 
within  TRA  jurisdiction. 

The  duty  of  the  TRA  is  to  exercise  powers  to  control  floods,  conserve  soils,  provide 
water  supplies  to  towns. cities  and  individuals,  prevent  siltation  ol  lands,  channels, 
reservoirs,  and  coastal  waters,  provide  irrigation  water  and  provide  water  lor  the 
development  of  commercial  and  industrial  enterprises.  I hi’  I RA  is  to  exercise  powers 
to  contract  with  municipalities  to  construct  reservoirs,  dams  and  water  supply 
equipment,  to  encourage  and  develop  recreational  facilities,  to  preserve  fish  and 
wildlife,  to  regulate  and  promote  the  construction  and  operation  of  commercial 
navigation  facilities  and  "to  construct,  own  and  operate  sewage  gathering, 
transmission  and  disposal  serv  ices,  to  charge  for  such  serv  ice  and  to  make  contracts,  in 
reference  thereto  with  municipalities  and  others." 

The  TR  \ is  authorized  "to  prepare  a master  plan  for  the  maximum  development  of 
the  soil  and  water  resources  of  the  entire  Trinity  River  wastershed.  including  plans  for 
the  complete  utilization,  for  all  economically  beneficial  purposes,  of  the  water 
resources  of  the  watershed. 

The  Trinity  River  Authority  may  issue  revenue  bonds  by  action  of  its  Board  of 
Directors  (who  are  appointed  hv  the  Governor)  and  may  issue  tax  bonds  secured  by  an 
ad  valorem  tax  limited  to  fifteen  (15)  cents  on  the  $100.00  valuation  of  taxable 
property,  hv  a vote  of  the  people  residing  within  the  boundaries  of  the  Authority. 
Furthermore,  the  TRA  may  levy  and  collect  such  taxes  as  are  voted  at  an  election 
called  hv  the  Board  for  the  purpose,  and  conducted  throughout  the  territory  of  the 
Authority . 

To  date,  the  TRA  has  financed,  hv  contract  for  services,  the  construction  of  facilities 
for  the  collection  and  treatment  of  municipal  sewage,  such  as  the  Central  Sewerage 
System,  the  Ten  Mile  Creek  Sewerage  System  and  the  \\  alkcr-Calloway  Branches 
Trunk  Sewer  System.  The  TRA  has  entered  into  agreements  with  the  cities  served  hv 
these  systems.  Each  city  is  responsible  to  the  TRA  for  the  character  of  the  effluent 
which  it  discharges  to  the  TR  A Sy  stem. 

Other  Hirer  Authorities.  Portions  of  the  Brazos.  Red  River  and  Sabine  River 
watersheds  lie  within  the  boundaries  of  the  studv  area.  W it  bin  t hese  ol  her  watersheds, 
the  Brazos  River  Authoritv.  the  Red  River  Authority  and  Sabine  River  Authority 
respectively,  have  jurisdiction.  These  authorities  are  conservation  and  reclamation 
districts  wit h responsibilit ies  similar  to  those  of  the  Trinitv  River  Authority  discussed 
above,  and  their  statutory  authority  derives  from  the  same  legislative  Act  ( Article  \\  I. 
Section  59  of  the  Texas  Constitution).  However,  onlv  the  Brazos  River  Authority  has 
limited  power  to  lew  and  collect  taxes  for  the  purpose  of  prov  iding  sanitary  sewerage. 

LOCAL  AGENCIES 

I he  \orth  Texas  Municipal  II  ater  District  I Article  8280  I H A croon's  Annotated  t.ivil 
Statutes)  is  a mult  i-city  (list  rict  created  hv  the  Texas  Legislature  includ  ing  the  c it  ies  of 
Vivlie.  Kornev.  Mesquite.  McKinney.  Rovse  Citv.  Rockwall.  Plano,  harmersv  ille. 
Garland  and  Princeton.  The  District  holds  the  water  rights  to  the  conservation  storage 
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in  l.avon  Reservoir.  Water  from  the  reservoir  is  treateii  and  transported  1 > > the 
Di-t  riel  ow  ned  facilit  ies  to  t lie  member  fit ies  and  other  customers,  1 he  sert  ire  area  ot 
the  District  includes  the  area  within  the  hast  l ork  I rinitv  H i \ r watershed,  and  the 
area  within  the  corporate  limits  of  the  member  cities.  I ndcr  provision'  ol  the 
Regional  Waste  Disposal  \ct.  ( \rlicle  7621ft.  \ernon"s  \nnotated  Revised  Civil 
Statutes)  the  District  also  has  the  authoritv  to  construct  and  operate  regional  disposal 
'V  stems. 


The  directors,  who  are  designated  In  the  member  cities,  mav  make  rules  and 
regulations  to  preserv  * sanitarv  conditions  and  to  con t ml  all  recreat ional  and  business 
privileges  in  anv  reservoirs  owned  or  operated,  Tor  tax  assessment  and  collection 
purposes,  multi  eitv  water  districts  are  given  the  same  structure  and  authoritv  as 
water  control  and  improvement  districts  created  under  the  general  law.  Customers 
mav  he  added  In  the  Hoard  of  Di rectors. Districts  must  have  approval  from  the  Texas 
Water  Rights  Commission  before  proceeding  with  the  construction  of  dams  and 
diversion  works.  Kach  district  has  the  power  of  eminent  domain  for  dam  sites  and 
pipelines,  hut  it  i'  exercised  onlv  in  count  ies  w here  member  cities  are  located. 

Tarrant  County  I Tatar  Control  ami  Improvement  District  No.  I was  created  in  1621. 
and  operates  under  the  direction  of  five  elected  directors.  I he  Water  District  has 
broad  powers  and  authoritv  under  Xrlicle  7)1)50  ( \ ernon  s Civ  il  Statute-  ol  the  State  ol 
Texas). The  District  is  concerned  mainiv  with  water  siipplv  for  the  Fort  Worth 
metropolitan  area,  with  conservation  ol  surface  waters,  and  with  flood  control. 
Bridgeport.  Kagle  Mountain,  and  Cedar  Creek  Reservoirs  are  owned  and  maintained 
In  the  Water  Dist  riet.  The  Water  District  and  the  Ci  t v ol  Tort  W ort  It  joint  I v supervise 
sanitarv  conditions  and  possible  pol  hit  ion  sources  that  tend  to  at  feet  the  water  qualitv 
in  llie-e  reservoirs.  District  boundaries  for  tax  purposes  consist  of  approximated  220 
-quale  miles,  all  within  Tarrant  Countv.  The  district  is  authorized  to  levv  and  collect 
'itch  taxes  as  nccessarv  within  these  boundaries  to  linance  and  maintain  water  -upplv 
and  flood  protection  facilities. 

Commissioners  Co  arts  o / Counties  were  authorized  hv  Mouse  Hill  |.{6i  in  166*)  to 
acquire,  construct,  finance  and  operate  solid  waste  disposal  facilities  including 
incinerators,  sanitarv  landfill',  etc.  Tor  thi-  purpose,  the  Commissioners  Court  mav 
issue  revenue  bonds. 

If  a ter  Districts  are  created  t h rough  special  slat  lit  e lev  the  Legislature  or  under  general 
stalutorv  authoritv  hv  Commissioners  Courts  ol  Counties,  munic  ipal  government  (in 
-o  m e cases)  or  the  Tex  a-  W a ter  Rights  Comm  is-ion.  I here  are  present  I v about  f2  vv  a ter 
districts  within  the  NC.TCOC  area.  I neler  Texas  statutes  distric  ts  mav  he  formed  for 
-iirh  purposes  as  fresh  water  supplv.  water  control  and  improvement,  conservation 
and  reclamation,  navigation  and  underground  water  conservation.  I hew  mav  he 
-vv  it  eh' -d  from  one  categorv  to  another  wit  It  broader  a lit  hnrit  v and  I inane  ia  I leewav . hv 
a simple  majoritv  vote  of  its  hoard  ol  directors.  \ “Master  Water  District 
encompassing  t lie  entire*  si  ud  v area  or  the  NCTCOC  region  mav  lie'  estahl  is  heel  under 
existing  statutes. 

local  Governments.  'The*  authoritv  of  local  governments  in  matters  of  water  qualitv  is 
specified  in  Subchapter  K of  Senate  Hill  117  of  the  'Texas  Legislature.  Principal 
prov  isions  of  t his  subchapter  as  t hex  pertain  to  such  mat  ters  are  as  follows: 
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\ local  government  may  inspect  the  public  water  in  its  area  and 
determine  whether  or  not: 


(1) .  The  quality  of  the  water  me-ts  the  State  water  quality  standards 
adopted  by  the  TVt  QB; 

(2) .  Persons  discharging  effluent  into  the  public  water  located  in  the 
areas  over  which  the  local  government  has  jurisdiction  have  obtained 
permits  for  I he  discharge  of  the  effluent;  and 

(3) .  Persons  who  have  permits  are  making  discharges  in  compliance 
with  the  requirements  of  the  permits. 

B.  A local  government  may  make  written  recommendations  to  the 
I \\  QB  as  to  what  in  its  judgement  the  water  quality  standards  should 
he  for  any  public  water  within  its  territorial  jurisdiction. 

C.  \ local  government  has  the  same  power  as  the  TWQB  under  this 
Act  to  enter  public  and  private  propertv  within  its  territorial 
jurisdiction  to  make  inspections  and  investigations  of  conditions 
relating  to  water  quality. 

I).  \ local  government  may  bring  an  enforcement  action  under  this 

Act  for  violation  of  any  rule,  permit  or  other  order  occurring  within  its 
area  of  jurisdiction. 

FINANCIAL  ASSISTANCE  AVAILABLE 


I he  Federal  (Government  provides  grants  for  construction  of  water  pollution  control 
facilities  and  for  research  and  development  as  discussed  below.  The  Federal 
(Government  also  provides  grants  for  the  planning,  development  and  conduct  of  solids 
waste  disposal  programs  as  d isctlssed  in  Chapter  \ I . To  date  the  Slate  of  Texas  has  not 
implemented  a program  of  financial  assistance  for  construction. 


In  November  IW)  the  State  Attoritev  (General  rendered  an  opinion  that  Councils  of 
(Government  legally  may  receive  Federal  grants  for  water  pollution  control  programs. 
Thus,  the  N(  !T(  G(  )(G  is  eligible  to  receive  grants  for  const  ruction  ol  eligible  port  ions  of 
the  recommended  regional  sewerage  plan. 

FEDERAL  (GRANT  PROGRAMS  FOR  CONSTRICTION 

federal  grant  programs  are  being  carried  out  hv  the  Departments  of  the  Interior. 
Housing  and  I t han  Development,  and  Agriculture.  Funds  available  under  each  of  the 
program' are  present  I v verv  limited. 


percent  of  the  total  cost,  and  enforceable  water  quality  standards  (classifications)  ha\e 
been  established  for  the  waters  into  which  the  effluent  discharges,  the  federal  grant 
w ill  he  increased  to  a maximum  of  50  percent  (Texas  has  adopted  such  standards,  and 
the\  have  been  approved  b\  the  Federal  'X  ater  Quality  Administration,  formerly  the 
FAAPCA).  An  additional  10  percent  of  any  Federal  grant  mat  he  awarded  under  thi- 
Act  far  am  project  that  is  part  of  a metropolitan  area-wide  plan.  Since  I exas  does  not 
provide  am  State  financial  assistance.  Federal  aid  is  limited  to  55  percent  <d  eligible 
costs.  If  and  when  Texas  does  provide  at  least  25  percent  aid.  the  maximum  federal 
grant  available  under  this  Act  will  he  55  percent . 

Housing  ami  Irban  Devvlopmvnt  let  of  19 65  (Public  Law  80-117.  Department  of 
Housing  and  l rban  Development).  One  of  the  mail)  extensive  purposes  of  this  law  is 
to  encourage  cities  to  construct  adequate  basic  water  and  sewerage  works  in  order  to 
promote  their  efficient  and  order!)  growth.  This  law  provides  grants  to  local  public 
bodies  and  agencies  to  finance  specific  projects  for  water  works  and  for  basic  sewer 
facilities  other  than  sewage  treatment  plants  and  interceptors  for  which  grants  are 
available  under  the  federal  AA  ater  Pollution  Control  Act.  .Mo  grant  will  he  made  lor  a 
sewage  faeilitv  until  adequate*  treatment  works  have  been  provided.  The  amount  of 
am  grant  mav  not  exceed  50  percent  of  the  construction  cost  of  a basic  water  or  sewer 
faeilitv.  but  under  certain  special  conditions  enumerated  in  the  Act.  the  amount  mav 
he  increased  for  a basic  public  sewer  faeilitv  to  no  more  than  9(1  percent.  No  grant  for 
either  water  or  sewer  facilities  will  he  made  unless  the  Secretary  ofHousingand  l than 
Development  determines  that  the  project  is  necessary  for  the  improvements  of  health 
and  living  standard  of  the  people  in  the  community  and  meets  the  criteria  established 
hv  the  Department  for  an  area-wide  water  or  sewerage  facilities  system  as  part  of  the 
comprehensive  planned  development  of  the  area. 

Consolidated  Farmers  Hornr  Administration  Act  of  1961  (as  amended.  Public  Law  86- 
240.  Department  of  Agriculture).  I nder  this  legislation,  grants  for  the  planning  and 
construction  of  water  supply  systems  and  waste  disposal  works  are  provided  to  aid  in 
rural  communitv  development  in  accordance  with  comprehensive  plans  for  area-wide 
development  of  such  facilities.  The  grants  may  not  exceed  50  percent  of  the  total 
project  cost,  and  eligibility  is  limited  to  rural  areas  of  5.500  inhabitants  or  less. 

FEDERAL  GRANT  PROGRAM  FOR  RESEARCH  AND  DEVELOPMENT 

l nder  the  federal  AA  ater  Pollution  Control  Act.  Public  Law  84-660.  as  amended,  the 
Department  of  the  Interior  is  authorized  to  make  research  and  development  grants  to 
State,  municipal,  inter-municipal  or  interstate  agencies.  Grants  of  up  to  70  percent  of 
the  estimated  reasonable  cost  of  approved  projects  may  he  made  for: 

1.  Assisting  in  the  development  of  am  project  which  will  demonstrate 
a new  or  improved  method  of  controlling  the  discharge  into  any  waters 
of  untreated  or  inadequately  treated  sewage  or  other  wastes  from 
sewers  w Inch  carrv  storm  water  or  both  storm  water  and  sewage  or  o titer 
wastes. 

2.  Assisting  in  the  development  id  am  project  which  will  demonstrate 
advanced  waste  treatment  and  water  purification  methods  (including 
the  temporarv  use  of  new  or  improved  chemical  additives  which 
provide  substantial  immediate  improvement  to  existing  treatment 
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proct — e>)  or  new  oi  improved  methods  < > I joint  treatment  >i»lem«  lor 
municipal  and  industrial  wastes,  and  lor  the  purpose  ol  reports,  plans 
and  specifications  in  connect  ion  I lie  row  i I h. 

Grants  of  up  to  a maximum  of  SI  .000. 01  It)  or  70  percent  ol  the  project  cost  max  he  made 
to  persons  for  research  and  demonstration  projects  for  prevention  of  pollution  ol 
waters  hv  industrv  including.  but  not  limited  to.  treatment  of  industrial  waste. 

STATE  GRANTS  AM)  I.O  VNS 

\n  \ct  (Senate  Hill  I 17)  amending,  revising  and  rearranging  the  Texas  Water  (Quality 
\ct  of  1967  I \rt iele  762 Id- 1 .\  e moil's  Texas  ( ax  i I Statutes)  was  passed  in  1 969.  This  \ct 
authori/ed  the  Lexas  Water  Quality  Hoard  to  make  grants  or  loans  to  municipalities, 
interstate  agencies  and  local  governments  for  the  construction  of  sewer  systems, 
t real  men  t lacili  ties  and  d i'posal  sv  stems.  It  also  an  I horized  the  TW  OR  to  make  grants 
or  interest-! ree  loans  to  local  governments,  regional  planning  commissions  and 
planning  agencies  for  developing  effective,  comprehensive  water  qualitv  control  and 
pollution  abatement  plans. 

I'tinds  for  the  implementation  of  this  program  of  grants  and  loans  have  not  to  date 
been  appropriated.  \t  such  time  as  I unds  become  av ailahlc.  t he  \ct  provides  that  the 
recipient  id  the  grant  or  loan  must  agree  to  pay  the  difference  between  the  amount  of 
the  grant  or  loan  and  the  cost  of  the  project,  which  difference  must  he  at  least  20 
percent  of  t he  est i mated  project  cost. 

It  is  proposed  in  the  Texas  Water  Plan  that  "A  (lean  Water"  Lund  he  established  to 
provide  a program  of  Stair  grants  for  sewerage  «» stems  as  envisioned  in  the  Federal 
Water  Pol  lot  ion  Gont  rol  \ct  as  amended.  The  Plan  further  states.  "This  will  not  onlv 
stimulate  action  to  abate  and  prevent  pollution  hut  also  maximize  the  amount  of 
Federal  funds  that  max  he  obtained  hv  lexas." 

SI  MMAin 

At  the  present  time  the  maximum  financial  assistance  available  from  governmental 
sources  for  the  construction  of  sewerage  facilities  in  Texas  is  33  percent  of  the  project 
costs.  If  State  assistance  of  at  least  25  percent  becomes  available,  the  total  grant  for  an 
eligible  project  max  be  as  high  as  80  percent.  Such  assistance  will  minimize  the 
financial  burden  on  taxpayers.  Such  assistance  is  expected  to  encourage  construction 
of  much  needed  sewerage  facilities. 

IMPLEMENTATION 

The  comprehensive  regional  sewerage  system  and  its  associated  water  quality 
management  plan,  as  conceptually  proposed  in  this  report,  is  dependent  upon  the 
adoption  of  a feasible  plan  for  implementation.  The  complexitx  and  interaction  of 
factors  affecting  water  qualitv  in  such  a large  geographic  area  dictates  the  need  for  a 
high  degree  of  regional  coordination  and  coopera t ion. 

Implementation  arrangements  and  procedures  must  meet  the  following  criteria  at  a 
minimum  in  order  to  stand  the  test  ol  fcasihilitx: 
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1.  They  must  be  suitable  for  effective!)  achieving  the  desired  water 
quality  standards: 


2.  Tbe>  must  he  practical  from  l he  engineeri rig' technical  standpoint: 

The\  must  he  economical!)  sound  in  terms  of  efficiency; 
f.  They  must  he  equitable. 

5.  They  must  maintain  a consistent  exposure  to  the  public  and  a 
responsibility  to  the  public  interest. 

<>.  The\  must  assign  elearl)  defined  responsibility  to  existing  or  new 
agencies  for  all  identified  functions  and  actions  required  by  the  plan 
(planning,  financing,  acquisition,  construction,  operation,  regulation, 
monitoring,  etc.)  for  the  entire  geographic  jurisdiction  and  all  its 
components; 

7.  They  must  he  compatible  with  and  integrated  with  other  regional 
plans  and  implementation  procedures  in  functional  areas  such  as  public 
health,  solid  waste  management,  water  supply,  air  quality  control, 
transportation,  recreation,  land-use  management,  etc.; 

8.  They  must  recognize  existing  interests,  responsibilities,  and 
authorities  and  build  upon  available  facilities  and  operational 
st  rengt  hs; 

9.  They  must  define  those  actions  requiring  immediate  and 
concurrent  attention  and  assign  responsibilities  accordingly,  describe 
and  place  responsibility  for  more  intermediate  type  actions  and 
objectives  prescribed  It)  the  plan,  and  finally,  assign  responsibility's  for 
aehiev ing  long-range  objectives. 

It).  They  must  evaluate  local  interests  and  requirements  which,  due  to 
economics  and  time  considerations,  require  immediate  planning  and 
implementation,  and  w ill  not  detract  from  an  overall  regional  concept. 

This  report  has  set  forth  a conceptual  design  and  defined  the  requirements  lor 
achieving  regional  water  quality  management  in  the  North  Central  Texas  area.  This 
implementation  section  recommends  those  immediate  and  concurrent  steps  needed  to 
initiate  the  plan  and  suggests  a procedure  for  accomplishing  long-range  objectives. 

IMMEDIATE  IMPLEMENTATION  ACTIONS 

To  insure  tin-  needed  coordination  of  immediate  and  concurrent  activities  by  various 
organizations  the  follow  ing  indiv  idual  actions  are  suggested: 

nil-.  NOHTII  CENTUM.  TEWS  COl  NCII.  <>l  GOVERNMENTS 

I.  Begin  an  education  information  program  to  explain  the  proposed 
Plan  to  local,  state  and  federal  officials  and  to  the  general  public. 
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2.  Submit  Proposed  Plan  to  interested  parties  for  their  review  and 
comment. 

3.  Revise  the  Proposed  Plan  as  appropriate  after  consideration  of  the 
rev  iews. 

4.  Submit  the  Plan  to  the  NCTCOG  Executive  Board. 

5.  Request  that  the  Governor,  state  agencies,  and  federal  agencies 
certify  the  plan  as  the  official  water  pollution  abatement  plan  in 
process  of  development  for  the  study  area. 

ft.  Establish  procedures  for  voluntary  review  and  comment  upon  all 
plans  for  major  new  treatment  facilities,  collection  and  delivery 
systems,  and  appurtenances  throughout  the  study  area  to  determine 
consistency  with  the  adopted  Plan  (NCTCOG  already  does  this  for 
facilities  built  with  federal  assistance). 

7.  Initiate  an  active  program  of  encouragement  to  each  operational 
agenev  in  the  region  to  meet  the  standards  and  criteria  set  forth  in  the 
Plan. 

8.  \ctively  encourage  existing  agencies  to  implement  where  possible 
am  components  of  (he  Plan  through  interlocal  contracts  and 
agreements. 

Designate  existing  facilities  that  become  part  of  the  system  as  a 
"North  Gentral  Texas  Regional  Sewerage  System  Facility"  for  heller 
public  v isihility . 

10.  Request  state  and  federal  agencies  to  establish  procedures  to  insure 
review  by  NCTCOG  of  proposed  stale  and  federal  plans,  regulations, 
standardsandorgani/.ational  arrangements  with  potential  impact  on  the 
Plan  and  for  consistency  therewith. 

11.  Determine  and  suggest  other  actions  by  state  or  federal  agencies 
which  would  help  achieve  Plan  objectives. 

12.  Determine  the  nature  and  scope  of  personnel  requirements 
indicated  by  the  Plan  and  initiate  the  necessary  training  programs. 

13.  Continue  and  encourage  specialized  research  in  water  quality 
management  and  share  the  results  with  local  governments. 

If.  Review  existing  enforcement  procedures  available  for  achieving 
compliance,  methods  and  responsibilities  for  monitoring  water  qualitv 
standards,  and  responsibilitv  for  initiating  legal  procedures  against 
violators.  Suggest  areas  needing  improvement  and  formulate  model 
ordinances  for  local  adoption. 

|.».  Maintain  a program  of  water  quality  planning,  to  include  coni iniled 
updating  of  the  Plan,  and  the  immediate  initiation  of  further  studies  as 
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needed  to  refine  this  implementation  Plan. 


16.  Consult  with  existing  agencies  regarding  their  present  plans  for 
expansion,  corrective  actions,  personnel  needs,  etc.,  to  facilitate 
NCTCOG’s  coordinating  and  service  roles. 

LOCAL  GOVERNMENTS,  SPECIAL  DISTRICTS,  AUTHORITIES 

1.  Submit  on  a voluntary  basis  their  sewerage  facility  expansion  plans, 
plans  for  corrective  actions,  and  other  major  proposed  actions  to 
NCTCOG  for  proper  coordination  with  the  Plan. 

2.  Exercise  their  full  authority  to  implement  the  regulatory  and 
operational  standards  suggested  by  the  Plan  throughout  their 
jurisdictional  area. 

3.  Undertake  cooperative  actions  w ith  neighboring  jurisdictions  which 
are  consistent  with  the  Plan. 

4.  Continue  the  determination  of  existing  deficiencies  and  cooperate 
in  establishing  new  arrangements  for  overcoming  these  deficiencies. 

5.  Coordinate  with  NCTCOG  in  regard  to  other  functional  planning 
and  development  activities  which  may  influence  local/regional  water 
quality  management. 

6.  Participate  in  the  continuing  process  of  water  quality  research  and 
planning  for  the  region. 

7.  Assist  with  further  studies  as  needed  by  providing  necessary  local 
information. 

il.  Adopt  recommended  model  ordinances  for  construction,  operation 
and  maintenance  of  sewerage  sy  stems. 

STATE  AND  FEDERAL  GOVERNMENT 

1.  Certify  the  approved  Plan  as  the  official  water  pollution  abatement 
plan  for  the  region. 

2.  Establish  procedures  for  review  by  NCTCOG  or  some  other 
appropriate  jurisdiction  of  all  federal/ state  actions,  plans,  regulations, 
standards  or  organizational  arrangements  with  potential  impact  on  the 
Plan. 

3.  Provide  necessary  legal  authority,  financial  participation,  and 
technical  support  for  Plan  implementation. 

4.  Coordinate  with  each  other  the  effective  and  timely  assistance 
requested  hv  local  agencies  for  initiating  approved  components  of  the 
Plan. 
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5.  Consider  grant  assistance  for  further  necessar\  studies. 

PRIVATE  ORGANIZATIONS 

Private  organizations,  industries,  developers  and  other  groups  or  individuals 
undertaking  projects  which  will  effect  the  water  quality  in  this  region  should  inform 
themselves  thoroughly  as  to  the  contents  of  this  Plan.  They  should  voluntarily  seek  t he 
review  and  advice  of  NCTCOG  or  the  appropriate  agency  or  local  government  on  their 
plans  for  projects.  Even  effort  should  he  made  to  make  these  actions  consistent  with 
the  criteria  and  objectives  set  forth  in  the  Plan.  Such  cooperative  responsibility  will 
greatly  reduce  the  necessary  regulatory  and  compliance  costs  likely  to  result  in  the 
absence  of  this  kind  of  pre-development  planning. 

PROPOSED  ADDITIONAL  STUDIES  TO  AID  IN  IMPLEMENTATION 

In  addition  to  the  engineering  analysis  and  conceptual  design  of  a regional  sewerage 
plan  for  the  ( pper  Trinity  River  Basin,  this  report  suggests  in  its  conclusions  and 
recommendations  some  general  financial  anti  organizational  procedures  that  warrant 
consideration  in  plan  implementation  efforts. 

Throughout  a large  percentage  of  the  studv  area,  it  is  proposed  that  the  smaller  more 
scattered  communities,  for  economic  reasons,  stav  hv  themselves  and  to  provide  their 
own  individual  water  pollution  control  facilities. 

In  the  metropolitan  huilt-up  areas  surrounding  Dallas  and  Fort  Worth,  however,  six 
joint-use  treatment  facilities;  name'  . Fort  Viorth  \illage  Greek.  TRA  Central. 
Riehardson-Garland-Duck  Creek.  Dali;,  -While  Rock.  Dallas-South  Side  and  TRA  Ten 
Mile  Creek  are  recommended  to  serve  the  area. 

COST  ALLOCATING  STUDIES 

It  is  recommended  that  several  of  the  above  six  joint-use  treatment  facilities  serve  a 
considerable  number  of  communities  in  addition  to  those  which  they  now  serve.  It  i~ 
suggested  that  studies  he  initiated  to  outline  the  various  methods  possible  under 
w liich  an  equitable  cost  allocat  ion  can  he  affected. 

PRELIMINARY  ENGINEERING  STUDIES 

The  scope  of  this  report  has.  ol  necessity,  been  of  a general  nature.  The  next  logical 
(and  anticipated)  step  is  to  have  preliminary  engineering  studies  made  of  the  six  joint- 
use  treatment  facilities  to  refine: 

1.  The  expansion  size  and  timing. 

2.  The  specific  treatment  process  to  be  used. 

3.  The  location  id'  the  units  considering  future  additional  expansions, 
f.  Land  acquisit  ions  necessary . 

( lost  (construction,  operation  and  maintenance)  and 
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6.  Tin-  participating  communities. 


Preliminary  engineering  studies  are  a prerequisite  to  the  preparation  of  construction 
plans  and  specifications  and  are  required  as  a part  of  an  application  for  construction 
grant  assistance.  Both  Dallas  and  Fort  Worth  are  already  in  the  process  of  considering 
such  studies. 

POSSIBLE  ORGANIZATIONAL  ALTERNATIVES 

Some  of  the  possible  organizational  alternatives  for  regional  sewerage  system  and 
water  quality  management  implementation  are: 

1.  V new  single  purpose  (regional  water  quality)  special  district  with 
jurisdictional  responsibility  for  area-w  ide  operation. 

2.  A multi-purpose  single  agency  (e.g.  a Master  Regional 

Environmental  (Quality  Authority)  to  administer  related  programs  of 
solid  waste  disposal,  water  and  air  pollution,  land  use  regulation,  etc. 

3.  A single  existing  agency  contractually  serving  all  voluntary 

participants  in  a regional  sewerage  and  water  quality  management 
system. 

5.  Joint  ownership  and  operations  region-wide  with  a multi-purpose 
regional  agency  to  plan  and  coordinate  activities  for  the  entire 
geographic  area,  and  with  operational  control  in  areas  where  no  other 
jurisdiction  is  feasible. 

6.  Joint  operations  by  largest  existing  operational  agencies  (such  as 
Fort  Worth,  Dallas.  TRA  and  NTM^  D)  contractually  serving  all  other 
participants. 

7.  Several  other  multi-agency  options,  assigning  functional 
responsibility  for  one  or  more  functions  such  as  financing,  regulatory 
activities,  or  operations,  to  a region-wide  agency. 

This  obviously  is  not  an  all  inclusive  listing  of  potential  alternatives  for  organizational 
management.  It  is  representative  of  the  type  of  alternatives  available. 

CONCURRENT  IMPLEMENTATION  PROCEDURE 

Viater  quality  objectives  in  the  area  can  be  obtained  only  through  the  consistent  and 
thorough  administration  of:  wastewater  collection,  treatment  and  disposal  facilities, 
installation,  operation  and  maintenance  of  septic  tank  systems;  solid  waste  disposal; 
and  methods  to  measure  and  control  pollution  from  surface  runoff  within  the  study 
area. 


The  six  joint  sewage  treatment  plants  and  collection  systems  recommended  in  this 
report  are  already  in  existence.  The  Fort  Worth-Village  Creek  Plant  serves  by  far  the 
most  communities  (about  seventeen  at  present),  and  Fort  Worth  is  in  the  process  of 
preparing  a preliminary  engineering  report  on  the  magnitude  and  timing  of  future 
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expansions  to  this  plant  to  serve  the  watershed.  The  Trinity  River  Authority  already 
operates  the  Central  and  Ten  Mile  Creek  plants  on  a regional  basis  and  has  sufficient 
authority  to  continue  to  do  so.  The  Dallas-  White  Rock  and  South  Side  Plants  also  serve 
more  than  one  community  at  the  present  time,  and  Dallas  is  in  the  process  of  having 
preliminary  engineering  work  done  on  expansion  and  also  on  the  degree  of  wastewater 
treatment  to  be  provided.  The  remaining  recommended  joint  treatment  plant, 
Richardson-Garland-Duck  Creek,  has  just  been  the  subject  of  a preliminary 
engineering  study  on  expansion,  although  it  did  not  cover  as  large  an  area  as  the 
watershed  envisioned  herein.  These  facts  indicate  that  the  metropolitan  area  is 
already  well  on  its  way  toward  effective,  economical  wastewater  collection,  treatment 
and  disposal  on  an  area-wide  basis.  The  North  Texas  Municipal  Water  District  which 
covers  much  of  the  East  Fork  Watershed  has  indicated  its  willingness  to  assume 
regional  sewerage  responsibilities  in  this  area. 

If  the  area  communities  do  nothing  more  than  follow  the  recommended  plan 
contained  in  this  report  using,  of  course,  good  sound  judgement  in  areas  that  cannot, 
as  a practical  matter,  fully  meet  the  recommended  plan  in  the  early  years,  this  report 
will  have  fulfilled  the  purposes  for  which  it  was  prepared. 

NCTCOG  now  has  the  responsibility  to  serve  as  the  Metropolitan  Clearinghouse 
(metiopolitan  area-wide  review).  In  this  capacity  NCTCOG  coordinates,  reviews  and 
comments  on  applications  from  local  governments  and  state  agencies  operating  in  the 
region  and  six  adjacent  “non-COG”  counties  for  a broad  range  of  Federal  grants  for 
such  purposes  as  open  space  land,  hospitals,  airports,  libraries,  water  supply  and 
distribution,  sewerage  facilities  and  wastewater  treatment,  highways,  other 
transportation  facilities,  water  development  and  land  conservation,  law  enforcement 
facilities,  and  planning.  These  review  and  comment  functions  give  NCTCOG  the 
means  to  see  that  the  recommended  plan  is  carried  out  under  the  present  conditions. 

W hether  the  joint  treatment  plants’  expansion,  operation  and  maintenance  should  be 
consolidated  under  one  agency  has  been  the  subject  of  considerable  discussion  and 
comment  during  the  preparation  of  this  report.  Savings  could  be  realized  in 
centralized  operation  and  maintenance  as  discussed  hereinafter.  But  acceptance  and 
area-wide  cooperation,  essential  to  such  action,  is  a necessary  prerequisite. 

It  is  suggested  that  meetings  be  held  with  representatives  of  the  six  joint  areas  to  fully 
and  frankly  discuss  the  role  that  NCTCOG  and  the  other  agencies,  districts,  and  cities 
may  best  play  in  the  implementation  of  the  recommended  plan.  TW  (,)B  has  recently 
funded  N’CTCOG  to  develop  such  an  implementation  program,  scheduled  to  be 
completed  in  March.  1971. 

IMPLEMENTATION  PROCESS:  A SUMMARY 

Concurrently  with  the  initiation  and  progress  of  the  above,  a concerted  educational 
effort  must  be  initiated  to  promote  the  understanding  and  acceptance  among  both 
public  and  private  sectors  of  the  necessity  of  following  a long-range  regional  plan  for 
water  quality  management  in  the  North  Central  Texas  area.  The  economic  and 
political  implications  of  a project  with  the  scope  and  cost  of  the  conceptual 
engineering  design  proposed  here  must  have  a broad  base  of  local  support.  An 
information  and  education  program  designed  to  accomplish  this  support  throughout 
the  region  is  considered  essential. 
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A continuing  process  of  consultation  and  mutual  agreement  at  all  levels  of 
participation  will  be  necessary  to  accomodate  unexpected  demographic  and  economic 
conditions,  changes  in  available  technology  and  other  factors  not  readily  foreseen  at 
this  early  stage  of  planning.  This  type  of  consultation  should  consistently  coincide 
with  necessary  new  planning  and  not  occur  ex  post  facto.  In  each  case,  a range  of 
feasible  alternatives  should  be  available  for  consultation  and  negotiation. 

An  essential  process  that  must  be  accommodated  within  any  adopted  implementation 
plan  and  its  subsequent  modification  is  the  region-wide  multi-functional  planning  and 
coordination  role.  Water  quality  management  cannot  be  accomplished  in  isolation 
from  other  functional  areas  such  as  transportation,  public  health,  education, 
industrial  development,  and  other  equally  important  considerations. 

As  implied  above,  further  study  and  planning  processes  are  anticipated  throughout 
the  projected  50-year  time  horizon  of  this  conceptual  design.  Responsibility  for  the 
coordination  of  these  future  efforts  should  he  established  now  to  insure  orderly 
progress  of  implementation. 

The  recommended  water  quality  management  plan  and  conceptual  engineering 
design,  including  this  recommended  strategy  for  implementation,  are  subject  to 
review  and  approval  by  the  two  sponsoring  agencies:  Texas  Water  Quality  Board  and 
the  Federal  Water  Quality  Administration.  Subsequent  to  this  process,  the  plan  will 
become  the  basis  for  future  federal,  state,  regional  and  local  actions,  subject  to  local 
consultation,  modification  and  adoption.  The  importance  of  developing  an  effective 
implementation  program  for  the  plan  is  indicated  by  the  recent  funding  of  NCTCOG 
by  the  TWQB  for  such  a study. 

ADMINISTRATIVE,  OPERATION  & MAINTENANCE  PLAN 

Effective  centralized  administration,  operation  and  maintenance  procedures  for  joint 
wastewater  treatment  plants,  interceptors  and  pumping  stations  appear  to  be  essential 
to  the  proper  functioning  of  the  system  and  the  attainment  of  water  quality  objectives. 
A key  feature  of  the  plan  discussed  herein  is  that  it  makes  continuous  attendance  at 
most  pumping  stations  unnecessary  by  providing  monitoring  control  of  the  pumping 
stations  by  leased  wire  telemetry  with  system-wide  maintenance  functions  carried  on 
from  a centralized  headquarters. 

In  the  design  stage,  careful  consideration  should  be  given  to  the  possibility  of 
standardizing  the  principal  equipment  to  permit  interchangability  of  major  parts  to 
reduce  spare  parts  inventory  and  to  greatly  simplify  maintenance  operating 
instruction.  To  provide  the  most  economical  efficient  administration,  operation  and 
maintenance  of  the  joint  facilities  an  organizational  structure  is  suggested  as  discussed 
below. 

Administrative  Headquarters.  From  the  administrative  headquarters  (preferably  at  a 
central  location  for  each  watershed),  facilities  would  be  operated  and  monitored  by 
leased  line  manned  telemetry  system,  including  automatic  dialing  telephones  for 
individual  unit  control  and  signals.  This  would  provide  continuous  pertinent  selective 
operation  information  from  all  outlying  facilities.  Flow  data,  equipment  in  operation, 
elevations,  level  control,  malfunctions,  control  of  valves,  power  outages,  and  detection 
of  entrance  and  egress  of  stations  by  unauthorized  personnel  would  be  continuously 
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monitored  and  results  relayed  hack  to  the  pertinent  joint  plant  and  to  administrative 
headquarters.  This  automated  system  now  used  in  similiar  installations  has  many 
advantages  over  conventional  manned  stations.  The  number  of  operating  personnel 
required  to  perform  routine  operational  functions  is  reduced,  allowing  funds  for 
these  non-productive  activities  to  he  diverted  to  preventive  and  routine  maintenance 
work.  Each  single  manned  24-hour  shift  of  five  men  eliminated  represents  S50.000  pet- 
year  minimum  sax  ings. 

l.aboralory.  A principal  laboratory  would  he  located  at  a central  location.  All  major 
and  routine  laboratory  functions  for  the  system  could  he  conducted  at  this  location. 
Sampling  stations  for  collecting  and  running  emergency  tests  when  needed  would  he 
provided  at  other  locations,  hnt  all  routine  control  samples  would  he  picked  up  at  the 
plants,  refrigerated  and  brought  to  tin1  central  laboratory  where  a highly  skilled  staff 
in  a completely  equipped  laboratory  would  he  maintained. 

For  those  sewage  plants  in  the  North  Central  Texas  area  which  do  not  have  lah 
facilities  the  NCTCOC  will  offer  a service  of  preparing  the  monthly  lah  reports  to 
meet  TVt  (,)I5  requirements.  Mobile  home  parks  and  other  private  business  may  take 
ad  x antage  of  t lie  ( !( )( » serx  ice  for  a reasonable  fee. 

Central  Maintenance.  Ml  maintenance  work  in  the  joint  system  would  he  performed 
by  and  under  the  control  of  a maintenance  and  special  services  staff  at  the 
headquarters  location.  The  justifications  for  this  arrangement  are  numerous  - it 
centralizes  supervision,  responsibility  and  control  would  he  centralized,  and  the 
efficient  use  would  he  made  of  manpower  and  skills  and  assignment  of  craftsmen 
when  they  arc  most  needed.  Centralized  maintenance  would  juslifx  the  installation 
and  equipping  of  a complete  machine  shop  w Inch  can  accomplish  on-site  repairs  to  any 
piece  of  equipment  used,  assuring  almost  immediate  return  to  service.  1 he  work  load 
and  specialities  performed  in  such  a central  shop  would  include  heat  treating,  metal 
spraying,  fabrication,  welding,  burning,  sandblasting,  precision  machine  and  mill 
work,  and  all  usual  inside  and  outside  machinist  actix  ities.  These  combined  functions 
will  justify  the  pay  ment  of  salaries  adequate  to  attract  and  retain  competent  qualified 
employees. 

Held  Maintenance.  To  accomplish  preventive  routine  and  emergency  maintenance 
work,  use  of  special  mobile  repair  units  should  he  considered.  These  units  are  actually 
mobile  machine  shops  equipped  w it h crew  compartments,  hoses,  light  and  heax  x tools, 
grinders,  welders,  pumps,  generators,  blowers,  and  a working  quantity  of  supplies. 
They  would  he  dispatched  from  centralized  locations  to  the  various  treatment  plants 
and  pumping  stations  with  crew-  selected  as  required.  These  units,  which  are 
completely  stocked  with  all  necessary  tools  and  parts,  can  accomplish  necessarx  repairs 
or.  if  necessary,  remove  the  entire  unit  for  return  to  the  central  headquarters 
maintenance  shop.  1 he  units  would  he  in  the  sole  charge  of  an  operator  who  would  he 
responsible  for  keeping  them  stocked,  maintaining  their  emergency  lighting  units, 
pumps,  and  blowers,  and  i-  other* ise  accountable  for  all  expendable  items. 

Experience  with  similar  units  in  other  locations  has  been  quite  successful.  The  unit- 
may  he  purchased  fully  ecpiipped  at  approximately  $25,000  at  the  present  time  with 
accommodations  for  a five-man  crew,  and  including  a mobile  radio.  For  convenience 
and  to  reduce  travel  time,  a unit  could  he  stationed  at  a work  site  for  as  long  a period 
of  timeas  needed  while  work  is  in  progress. 
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Stockroom  anti  Supply  Depot.  A centralized  headquarters  stockroom  under  audit 
control  would  result  in  efficient  handling  of  all  supplies,  tools,  inventory,  and 
requisitioning.  Disbursement  would  he  made  to  authorized  personnel  on  signature, 
with  purpose  and  location  of  use  stated. 

Training.  A continuous  in-service  training  program  as  presently  conducted  by  the 
NCTCGG  RegionalTraining  Center  is  of  great  value  in  up-grading  the  number  and 
skills  of  plant  operating  personnel.  Water  pollution  control  is  a very  specialized  field, 
and  experience  indicates  proper  care  and  maintenance  of  those  facilities  can  be 
accomplished  most  economically  by  properly-trained  permanent  career  employees. 
Training  opportunities  also  provide  the  incentive  lor  employees  to  advance  and 
remain  with  the  organization.  Vie  recommend  present  courses  offered  by  the  North 
Central  Texas  Council  of  Governments  he  continued  with  special  emphasis  given  to 
subjects  on  maintenance  of  mechanical  equipment,  metal  spraying,  communications, 
telemetrv,  electronics,  laboratory  procedures,  and  operation  functions. 

Organization.  Proposed  organization  to  execute  these  recommendations  in  general 
would  consist  of  professional  staff,  each  individual  hav  ing  system-w  ide  responsibilities 
including  operation,  management,  legal,  laboratory,  sanitary,  mechanical,  electrical, 
and  maintenance  functions. 

Personnel  assigned  for  operational  activities  would  he  separated  entirely  from 
maintenance  personnel  and  maintenance  activities.  It  is  considered  that  personnel 
now  assigned  to  facilities  for  which  phasing  out  or  consolidation  is  proposed,  would  be 
utilized  insofar  as  possible  at  the  proposed  joint  facilities. 
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CHAPTER  XIII 
FINANCIAL  PROGRAM 
DISCUSSION 


\ financing  plan  is  essential  for  the  implementation  of  the  regional  sewerage  plan 
recommended  herein.  Financial  assistance  available  from  Federal  and  State  sources,  as 
well  as  general  plan  implementation  procedures,  i>  discussed  in  Chapter  XII. 
Inasmuch  as  all  cost  estimates  presented  in  this  report  are  based  upon  generalized  cost 
data  and  no  field  surveys  have  been  conducted,  financial  information  presented  in  this 
chapter  should  he  considered  approximate  only.  Firm  estimates  of  project  costs,  unit 
costs  per  household,  etc.,  must  await  more  detailed  studies. 

It  is  recognized  that  the  municipal  bond  market  is  now  in  a state  of  tlux.  1 he 
discussion  presented  below  is  givenin  terms  of  a30-y  ear  bond  period  at  an  interest  rate 
of  6-1/2  percent.  To  determine  specific  rates  and  periods  for  bonds,  whether  of  the 
revenue  or  general  obligation  tvpe,  one  must  await  analysis  of  the  market  at  the  time 
the  project  is  financed.  A number  of  potential  methods  for  calculating  financing 
charges  are  available  as  discussed  below. 

COMPARATIVE  METHODS  OF  FINANCING 

Three  potential  methods  of  calculating  bond  repay  ment  charges  are  discussed  below. 
These  three  methods  are  referred  to  as: 

1.  Equal  principal,  decreasing  interest. 

2.  Installments  increasing  with  time. 

3.  F’.qual  installments. 

In  the  study  area,  it  is  anticipated  that  2.562.000  people  will  he  served  bv  the  joint 
systems  in  the  first  full  year  of  financing  the  Initial  construction  program  (1975). 
and  that  f. 587.000  people  will  be  served  in  the  fifteenth  year  (1990).  reflecting  an 
annual  population  growth  rate  of  about  four  percent.  For  these  cost  analyses,  an 
average  household  i'  considered  to  consist  of  3.5  persons.  Therefore,  it  is  anticipated 
that  approximately  731.800  and  1.310.000  households  will  be  served  bv  joint  svstems  in 
1975  and  1990  respectively.  The  estimated  cost  for  the  Initial  Stage  Construction 
program  isS268.680.000  including  land  costs.  The  estimated  cost  of  the  Future  Stage  1 
construction  program  has  not  been  considered  in  discussing  the  comparative  methods 
of  financing. 

EQUAL  PRINCIPAL,  DECREASING  INTEREST 

I nder  this  method,  for  each  dollar  borrowed,  an  equal  amount  of  principal  (SO. 0333) 
woidd  he  repaid  each  vear.  together  with  interest  due  on  principal  still  outstanding.  In 
the  first  vear  the  interest  due  would  be  -S0.0650.  and  it  would  decrease  linearly  with 
time  to  zero  at  the  end  of  30  years.  The  average  interest  payment  on  each  dollar 
borrowed  would  he  SO. 0325.  and  the  average  installment,  therefore,  would  he  SO. 0658 


Mill 


($0.0325  ♦ $0.0333 ).  Hit'  c'timated  m«i  pci  linii'tlmld  would  lit-  $36.10  in  1075  anil 
$13.50  in  1990.  not  ini  hiding  operation  anil  maintenance  costs.  This  system  has  been 
asMimed  in  t lit-  annual  io>t-  prcM- tiled  in  ( haptci  > I \ and  \ . 

INSTALLMENTS  INt  REASIV.  VIITH  TIME 

1 li  i - mil  hot!  til  ri'p.it  nn-ii  I i-  c ■ . i ■ - 1 1 1 • red  ,i  • a pti"ihi  lit  x in  order  to  balance  re  pax  men  t 
charge'  with  population  t!i"wth  It  i-  nt  "imi/cd  that  the  eipial  print  i p a I . decreasing 
inlcif'l  met  hod  pl.o  > • i ..  i > at  1 1 nan<  lal  Inn t It  n mi  pet  miii«  i e-id ing  in  a *erx  ice  area  ill 
earlx  xeji-  lie  rapol  p |. ni, tie  n.  .i.wili  ml  itipaleil  hi  the  -lutlx  area  makes 
at  t rat  t ix  e t h i-  no  t hod  x>  I > . . i . . i i n «l  al  I men  t » i lit  re  adug  xx  i t li  t i me. 

Installment'  max  !■■  aunuallx  al  a ialt  eipial  to  the  rate  of 

prop  i ted  popiil.il  **  n itii'  ipita  paxment  lemain-  approx  i matelx 

to  ■ i I ,int  ox  er  tin  In  ■ 1 i"  in  to  intiea-t  l percent  a II 1 1 1 1 a 1 1 x to 

keep  pat  t xxllli  tin  p..|  annual  I li-l  a 1 1 men ! would  he  $0.0386. 

ami  the  to 1 1 1 mini..  s,  ,|  , |oi  each  dollar  liorroxxed.  1 he 

ax  eraue.i  n iiii.i  I 1 1 1 - i.i  1 1 n i , i i , . * , , , 1 1 . |o  1 1 a i I mi  i o xm  1 1 I lie  est  i mated 

t ost  per  liou-elioltl  1 in  1 1..  in  i n >n  pi  i f 'am . lint  it  it  lud  in  g ope  rat  ion 

ami  ma  ml  ilia  in  t ' tot  - m ' - 1 an  I x aim  nl  'IT  00  tor  all  xear»  through 

1000  \\  . - n o o i -I  llial  llo-  | .••  i ■ i.'i  in. .'I  i i e pa  x nieii  I In  liixen  < on-ideral  ion  lix 
I iiiain  e spei  i.d  i-l  > 

E^l  \l  IN- I Vl  lVIfVIs 

Tin  s method  i«  u-ed  in  ■ompuliiit:  nioit|;a>:i  paxment'  and  results  in  increasing 

principal  and  tlei  rea'int  inleii  'f  p.nrnt  nl'  with  time  l or  eat  li  dollar  liorroxxed.  an 

eipial  annual  iii'tidlmelit  ol  y0  0.6.>  would  he  paid  I lie  e'limated  cost  per  household 
lor  the  Initial  Stage  t oii't i in  t ion  pi  ogi  am.  not  ini  lulling  opera t ion  and  maintenance, 
xxould  he  $28. 10  in  1 075.  d encasing  to  $1  > 70  ill  1000.  \xerage  household  costs  ii'ing 
tlii'  method  max  he  'fen  to  represent  a compromise  hetxxeen  the  other  two 
eo  m pa  rat  ixe  met  hod'  ol  ho  ml  rep.tx  men  I . 

When  considering  financing  methods,  it  'hould  he  kept  in  mind  that  not  onlx  the 
Initial  Stage,  hut  also  Future  Stage  I and  Future  Stage  2.  must  he  financed  in  due 

course,  (lusts  lor  each  stage  max  oxerlap  those  incurred  for  the  other  stages  during 

certain  periods  of  time  depending  on  repax  ment  periods  and  dales  when  actual  debts 
are  incurred. 


OUTSTANDING  DEBT  ON  EXISTING  PLANTS 

lo  cities  (taxing  existing  sewage  treatment  plants  ami  major  trunk  sewers  on  which 
debts  remain  to  he  repaid,  it  i'  important  to  consider  xxhat  dispostion  if  anx  max  he 
made  of  these  debts.  No  recognition  of  these  outstanding  debts  has  been  taken  in  the 
cost  estimates  and  financing  tables  presented  in  this  report.  However,  as  indicated  in 
(.hapter  XII.  it  is  considered  reasonable  that  a joint-use  sewer  agent  x xxould  acquire 
exist i n g facilities  to  he  phased  out  or  to  he  ut ili/ed  as  part  of  the  joint  sx stem. 

If  a joint-use  sewer  agcncx  were  to  acquire  the  outstanding  debts  of  existing  treatment 
plants,  it  would  he  essential  to  know  in  at  lx  ant  e t he  amount  of  the  outstanding  debt  on 
each  facility.  Such  information  has  been  obtained  for  most  of  the  treatment  plants 
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affected  b\  the  joint  system  recommendations  made  herein.  Table  XIII-1  presents 
data  on  the  outstanding  debt  on  sewage  treatment  plants  to  he  phased  out  under  the 
recommended  regional  plan,  and  Table  \lll-2  in  addition,  presents  outstanding  debt 
information  on  sewage  treatment  plants  which  are  to  be  designated  as  joint  plants 
under  the  recommended  regional  plan.  It  is  estimated  that  there  is  at  present  a total 
outstanding  debt  on  treatment  plants  in  the  joint  systems  area  of  about  25  million 
dollars  based  on  available  data.  Of  this  I igure  approximately  five  mil  I ion  do  liars  mat  be 
attributed  to  the  46  plants  which  would  be  phased  out  before  the  year  2020.  and  the 
remainder  is  attributed  to  the  outstanding  debts  on  the  six  joint  treatment  plants. 

FINANCING  THE  INITIAL  CONSTRUCTION  PROGRAM 

Financing  costs  attributable  to  the  initial  construction  program  only  have  been 
developed  for  each  of  the  six  joint  systems  proposed  as  part  of  the  recommended 
regional  sewerage  plan.  These  costs  have  been  developed  on  tin-  one  hand  considering 
no  State  or  Federal  assistance.  The  costs  have  been  presented  on  the  basis  of  estimated 
costs  per  household  per  year  for  the  first  full  year  of  operation  ( 19751  and  also  for  the 
average  year  during  the  1975  to  1990  period. 

The  costs  of  joint  systems  (including  construction,  operation  and  maintenance)  in  each 
of  the  six  watersheds  are  presented  in  Tables  XIII-3  to  XIII -tt.  Similar  costs  for  the 
entire  initial  construction  program  for  all  joint  systems  are  presented  in  Table  XII 1-9. 
and  comparative  costs  per  household  for  all  joint  systems  constructed  as  part  of  the 
initial  construction  program  are  presented  in  Table  XIII-10. 

In  all  of  the  various  tables,  it  is  important  to  note  that  per-housebold  costs  would  tend 
to  decrease  with  time  as  more  people  are  connected  to  the  joint  systems,  on  t he  basis  of 
the  bond  repayment  method  assumed  (equal  principal,  decreasing  interest).  This 
tendency  is  affected  only  in  degree  by  the  actual  rates  of  growth  of  the  sewered 
population. 

No  allowances  have  been  made  in  the  costs  presented  for  the  collection  and  treatment 
of  industrial  wastewaters  at  joint  treatment  plants.  Such  wastewaters  would  have  the 
effect  of  reducing  somewhat  the  costs  per  residential  household.  Neither  have  any 
allowances  been  made  for  the  possibility  of  instituting  regional  or  joint-use  area 
assessments.  These  allowances  would  also  tend  to  reduce  average  household  costs. 
Thus,  the  costs  shown  in  the  tables  are  considered  to  be  on  the  high  side. 

\-  discussed  in  Ghapter  XII.  more  detailed  preliminarv  engineering  studies  and  an 
analysis  of  cost  allocation  methods  between  communities  is  desirable  prior  to  the 
implementation  of  the  systems  proposed  herein. 


PAYMENT  METHODS 

There  arc  many  methods  of  paying  for  a comprehensive  sewerage  plan  such  as  that 
proposed  herein.  Mthough  NGTGOG  would  probably  not  be  involved  in  decisions  as 
to  bow  individual  communities  would  pay  for  the  required  works,  a brief  description 
of  some  of  the  more  common  methods  is  presented  below.  Payment  methods 
discussed  herein  concern  both  construction  costs  and  operation  and  maintenance  costs. 
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TABLE  XIII-1.  OUTSTANDING  DEBT  ON  SEWAGE  TREATMENT  PLANTS 
TO  BE  PHASED  OUT  UNDER  PROPOSED  REGIONAL  SYSTEM 


Outstanding 

Node 

Unpaid 

No. 

Name  or  Location 

Balance 

TRINITY  RIVER 

- WATERSHED  1 

ID-145 

Wilmer 

$61,000* 

IE-147 

Kleberg 

105,000 

IE-149 

Ealch  Springs  (Dallas-Hickory  Tree  WCID  it 6) 

840,000* 

IE-150 

Seagoville  Federal  Correctional  Institute 

0 

1G-143 

Hutchins 

- 

1H-66 

Richardson-Floyd  Branch 

- 

t 

EAST  FORK  TRINITY  - WATERSHED  3 

3A-58 

Seagoville 

126,000 

1 

3B-16 

Rockwall 

134,000 

3C-54 

Mesquite 

1,133,000 

f 

3E-26 

Plano 

0 

3E-40 

Garland-Rowlett  Creek 

0 

3G-34 

Wylie 

- 

/ 

3H-3 

McKinney  - North 

0 

3H-24 

McKinney  - South 

0 

ELM  FORK  TRINITY  - WATERSHED  4 

f 

/ 

4A-81 

Lewisville 

410,000* 

4B-156 

Grapevine 

- 

4B-170 

Green  Acres  Estates 

- 

WEST  FORK  TRINITY  - WATERSHED  5 

5A-20 

Keller  (N.  Tarrant  Co.  M.W.D.) 

234,000 

5A-24 

Grapevine 

- 

5A-60 

Greenview  Addition 

- 

5B-170 

Green  Valley  Mobile  Home  Park 

- 

5E-195 

Arlington 

- 

5F-184 , 

,188  Euless  (West  and  East) 

269,192 

5F-189 

Greater  Southwest  Airport 

- 

5G-130 

Burleson 

323,000 

5G-132 

Crowley 

160,000 

5G-133 

Sunny  Acres  Mobile  Home  Park  (Crowley) 

- 

5G-136 

Everman 

3,000 

5G-137 

Kennedale 

- 

5G-138 

Forest  Hill 

- 

5H-141 

Banfield  Mobile  Home  Park 

20,000 

5H-143 

Royal  Coach  Mobile  Home  Park 

60,000 

5H-145 

L & M Mobile  Home  Park 

6,000 

5H-149 

Treetop  Mobile  Home  Park 

0 
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TABLE  XIII-1.  OUTSTANDING  DEBT  ON  SEWAGE  TREATMENT  PLANTS 
TO  BE  PHASED  OUT  UNDER  PROPOSED  REGIONAL  SYSTEM 
(Continued) 


Node 

No.  Name  or  Location 


WEST  FORK  TRINITY  - WATERSHED  5 (Continued) 


5H-150 

Treetop  (South)  Mobile  Home  Park 

5H-153 

Tumbleweed  Mobile  Homes 

5H-156 

Wilson  Mobile  Homes 

5H-157 

Parsons 

5H-159 

Poly-Webb  Mobile  Home  Park 

5J-17 

Keller  Mobile  Home  Park 

5J-107 

Haltom  City 

5J-112 

Richland  Hills  (TCWSC  #2) 

5M-101 

Fort  Worth  - Riverside 

5M-172 

TCWSC  #1  (Highway  820) 

5Q-71 

Benbrook 

5S-59 

Lakeside 

5S-175 

Azle  (TCWSC) 

Outstanding 

Unpaid 

Balance 


0 

$6,000 

6,000 


583,320 

141,000 


Total  $4,817,000 


^Denotes  no  differentiation  between  sewerage  portion 
and  STP . 
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TABLE  XIII-2.  OUTSTANDING  DEBT  ON  SEWAGE  TREATMENT  PLANTS 
TO  BECOME  JOINT  PLANTS  UNDER  PROPOSED  REGIONAL  SYSTEM 


Node 

No. 

11-175 

1F-146 

ID-161 

3D-23 

4A-166 

53-180 


Name  or  Location 
Dallas  - White  Rock 
Dallas  - South  Side 
Ten  Mile  Creek 
Duck  Creek 
TRA  Central 
Village  Creek 
Total,  Joint  Plants 
Total,  Plants  to  be  Phased  Out 
Grand  Total 


Outstanding 

Unpaid 

Balance 

$5,357,000 

854.000 

2.363.000 

500.000  (Est.) 

2.760.000 

7.608.000 
$19,442,000 

4.817.000 
$24,259,000 
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Qfgyft  TABLE  XI I 1-3.  LOCAL  COSTS  FOR  INITIAL  CONSTRUCTION 

DALLAS  - WHITE  ROCK  JOINT  SYSTEM  - WATERSHED 

PROGRAM 

1 

LOCAL  COSTS  WITHOUT  AID 

Estimated  Construction  Cost 

$44,630,000 

First  Year 
1975 

Average 

1975-1990 

Amortized  Annual  Cost 
(6  1/2%  over  30  years) 

$4,380,000 

$2,940,000 

Annual  Operation  and  Maintenance  Costs 

5,740,000 

6,980,000 

Total 

$10,120,000 

$9,920,000 

Estimated  Number  of  Households 

250,900 

285,900 

Estimated  Cost  per  Household 

$40.40 

$34.80 

LOCAL  COSTS  WITH  80%  STATE  AND  FEDERAL  AID 

Estimated  Construction  Cost 

$8,920,000 

First  Year 
1975 

Average 

1975-1990 

Amortized  Annual  Cost 
(6  1/2%  over  30  years) 

$880,000 

$590,000 

Annual  Operation  and  Maintenance  Costs 

5,740,000 

6,980,000 

Total 

$6,620,000 

$7,570,000 

Estimated  Annual  Cost  per  Household 

$26.40 

$26.50 

Note:  Land  costs  are  included. 
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TABLE  XIII-4 . LOCAL  COSTS  FOR  INITIAL  CONSTRUCTION  PROGRAM 
DALLAS  - SOUTH  SIDE  JOINT  SYSTEM  - WATERSHED  1 


LOCAL  COSTS  WITHOUT  AID 

Estimated  Construction  Cost  $23,150,000 


First  Year 

Average 

1975 

1975-1990 

Amortized  Annual  Cost 

$2,270,000 

$1,520,000 

(6  1/2%  over  30  years) 

Annual  Operation  and  Maintenance  Costs 

1,900,000 

2,430,000 

Total 

$4,170,000 

$3,950,000 

Estimated  Number  of  Households 

68,000 

83,700 

Estimated  Cost  per  Household 

$61.40 

$47.20 

LOCAL  COSTS  WITH  80%  STATE  AND  FEDERAL  AID 

Estimated  Construction  Cost 

$4,630,000 

First  Year 

Average 

1975 

1975-1990 

Amortized  Annual  Cost 

$450,000 

$300,000 

(6  1/2%  over  30  years) 

Annual  Operation  and  Maintenance  Costs 

1,900,000 

2,430,000 

Total 

$2,350,000 

$2,730,000 

Estimated  Annual  Cost  per  Household 

$34.50 

$32.60 

Note:  Land  costs  are  included. 


TABLE  XIII-5.  LOCAL  COSTS  FOR  INITIAL  CONSTRUCTION  PROGRAM 


TRA  TEN  MILE  CREEK  JOINT  SYSTEM  - WATERSHED  1 


LOCAL  COSTS  WITHOUT  AID 


Estimated  Construction  Cost 


Amortized  Annual  Cost 
(6  1/2%  over  30  years) 

Annual  Operation  and  Maintenance  Costs 

Total 

Estimated  Number  of  Households 
Estimated  Cost  per  Household 
LOCAL  COSTS  WITH  80%  STATE  AND  FEDERAL  AID 
Estimated  Construction  Cost 


Amortized  Annual  Cost 
(6  1/2%  over  30  years) 

Annual  Operation  and  Maintenance  Costs 

Total 

Estimated  Annual  Cost  per  Household 


First  Year 
1975 


$200,000 

$200,000 

16,800 

$11.90 


First  Year 
1975 


$200,000 

$200,000 

$11.90 


Average 

1975-1990 


$970,000 

$970,000 

27,400 

$35.40 


Average 

1975-1990 


$970,000 

$970,000 

$35.40 


Note:  Land  costs  are  included. 


TABLE  XIII-6. 


LOCAL  COSTS  FOR  INITIAL  CONSTRUCTION  PROGRAM 


■ 


DUCK  CREEK  JOINT  SYSTEM 


LOCAL  COSTS  WITHOUT  AID 


Estimated  Construction  Cost 

$74,600,000 

First  Year 
1975 

Average 

1975-1990 

Amortized  Annual  Cost 
(6  1/2%  over  30  years) 

$7,340,000 

$4,920,000 

Annual  Operation  and  Maintenance 

Costs 

2,280,000 

4,270,000 

Total 

$9,620,000 

$9,190,000 

Estimated  Number  of  Households 

78,300 

149,700 

Estimated  Cost  per  Household 

$123.00 

$61.40 

LOCAL  COSTS  WITH  80%  STATE  AND  FEDERAL  AID 

Estimated  Construction  Cost 

$14,920,000 

First  Year 
1975 

Average 

1975-1990 

Amortized  Annual  Cost 
(6  1/2%  over  30  years) 

$1,470,000 

$980,000 

Annual  Operation  and  Maintenance 

Costs 

2,280,000 

4,270,000 

Total 

$3,750,000 

$5,250,000 

Estimated  Annual  Cost  per  Household 

$47.90 

$35.00 

Note:  Land  costs  are  included. 
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TABLE  XIII-7. 


LOCAL  COSTS  FOR  INITIAL  CONSTRUCTION  PROGRAM 


0¥* 

TRA  CENTRAL  JOINT  SYSTEM 

LOCAL  COSTS  WITHOUT  AID 


Estimated  Construction  Cost 

$63,39 0,000 

First  Year 
1975 

Average 

1975-1990 

Amortized  Annual  Cost 
(6  1/2%  over  30  years) 

$6,230,000 

$4,160,000 

Annual  Operation  and  Maintenance 

Costs 

2,810,000 

4,910,000 

Total 

$9,040,000 

$9,070,000 

Estimated  Number  of  Households 

107,200 

182,800 

Estimated  Cost  per  Household 

$84.20 

$49.60 

LOCAL  COSTS  WITH  80%  STATE  AND  FEDERAL  AID 

Estimated  Construction  Cost 

$12,680,000 

First  Year 
1975 

Average 

1975-1990 

Amortized  Annual  Cost 
(6  1/2%  over  30  years) 

$1,250,000 

$830,000 

Annual  Operation  and  Maintenance 

Costs 

2,810,000 

4,910,000 

Total 

$4,060,000 

$5,740,000 

Estimated  Annual  Cost  per  Household 

$37.80 

$31.40 

Note:  Land  costs  are  included . 
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TABLE  XIII-8. 


LOCAL  COSTS  FOR  INITIAL  CONSTRUCTION  PROGRAM 


0¥* 

VILLAGE  CREEK  JOINT  SYSTEM 

LOCAL  COSTS  WITHOUT  AID 

Estimated  Construction  Cost  $62,910,000 


First  Year 
1975 

Average 

1975-1990 

Amortized  Annual  Cost 
(6  1/2%  over  30  years) 

$6,180,000 

$4,140,000 

Annual  Operation  and  Maintenance 

Costs 

4,950,000 

7,170,000 

Total 

$11,130,000 

$11,310,000 

Estimated  Number  of  Households 

210,600 

291,600 

Estimated  Cost  per  Household 

$52.80 

$38.90 

LOCAL  COSTS  WITH  80%  STATE  AND  FEDERAL  AID 

Estimated  Construction  Cost 

$12,580,000 

First  Year 
1975 

Average 

1975-1990 

Amortized  Annual  Cost 
(6  1/2 % over  30  years) 

$1,240,000 

$830,000 

Annual  Operation  and  Maintenance 

Costs 

4,950,000 

7,170,000 

Total 

$6,190,000 

$8,000,000 

Estimated  Annual  Cost  per  Household 

$29.40 

$27.50 

Note:  Land  costs  are  included. 
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TABLE  XI 1 1-9  . LOCAL  COSTS  FOR  INITIAL  CONSTRUCTION  PROGRAM 

ALL  JOINT  SYSTEMS 

LOCAL  COSTS  WITHOUT  AID 


Estimated  Construction  Cost  $268,680,000 


First  Year 

Average 

1975 

1975-1990 

Amortized  Annual  Cost 

$26,400,000 

$17 , 700,000 

(6  1/2%  over  30  years) 

Annual  Operation  and  Maintenance  Costs 

18,260,000 

26,730,000 

Total 

$44,660,000 

$44,430,000 

Estimated  Number  of  Households 

731,800 

1,021,100 

Estimated  Cost  per  Household 

$61.00 

$43.40 

LOCAL  COSTS  WITH  80%  STATE  AND  FEDERAL  AID 

Estimated  Construction  Cost 

$53,740,000 

First  Year 

Average 

1975 

1975-1990 

Amortized  Annual  Cost 

$5,290,000 

$3,540,000 

(6  1/2%  over  30  years) 

Annual  Operation  and  Maintenance  Costs 

18,260,000 

26,730,000 

Total 

$23,550,000 

$30,270,000 

Estimated  Annual  Cost  per  Household 

$31.80 

$29.60 

Note:  Land  costs  are  included. 
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TABLE  XIII-10.  COMPARATIVE  ANNUAL  COSTS  PER  HOUSEHOLD 
FOR  ALL  WATERSHEDS  FOR  INITIAL  CONSTRUCTION  PROGRAM 


COSTS  WITHOUT  AID 


COSTS  WITH  80%  STATE 
AND  FEDERAL  AID 


First  Year 
1975 

Average 

1975-1990 

First  Year 
1975 

Average 

1975-1990 

WATERSHED  1 

Dallas  - White  Rock  Plant 

$40.40 

$34.80 

$26.40 

$26.50 

Dallas  - South  Side  Plant 

61.40 

47.20 

34.50 

32.60 

Ten  Mile  Creek  Plant 

11.90 

35.40 

11.90 

35.40 

WATERSHED  3 

Duck  Creek  Plant 

123.00 

61.40 

47.90 

35.00 

WATERSHEDS  4,  5 

TRA  Central  Plant 

84.20 

49.60 

37.80 

31.40 

WATERSHED  5 

Village  Creek  Plant 

52.80 

38.90 

29.40 

27.50 

Annual  cost  per  household  if 
shared  equally  by  all  house- 
holds served  by  joint  systems 

$61.00 

$43.40 

$31.80 

$29.60 

Note : 


Costs  do  not  include  outstanding  debt  on  existing  facilities  to  be 
phased  out  under  proposed  system. 


Sewerage  systems  provide  both  public  and  private  benefits.  Public  benefits  include 
improved  public  health,  recreation  and  aesthetic  values,  and  general  economic 
development  in  the  community.  Private  benefits  include  elimination  of  septic  tank 
system  costs  and  nuisances  and  increased  property  values.  Each  parcel  of  land, 
occupied  or  unoccupied,  connected  or  not  connected  to  the  sewerage  svstem.  may  be 
considered  to  benefit  dirertlv  or  indirectlv  from  the  sewerage  system.  Each  person  in 
a communitv  benefits  from  the  installation  of  a sewerage  system  although  obviously 
the  user  benefits  more  directly  than  the  non-user. 

PAYMENT  FOR  CONSTRUCTION 

Id  valorem  Tax.  Inasmuch  as  the  sewage  treatment  plant  and  major  pumping  stations 
and  interceptors  are  proposed  to  be  designed  with  capacity  for  future  development 
and  population  in  the  tributary  area,  it  is  common  practice  to  consider  that  the  cost  of 
these  facilities  be  paid  through  the  general  propertv  or  ad  valorem  tax.  Since 
everybody  benefits  dirertlv  or  indirectlv  from  such  facilities,  evervone  pavs.  The 
general  property  or  ad  valorem  tax  does  not  provide  total  equity,  of  course,  because  it 
is  based  on  propertv  valuation. 

Sewer  Service  Charge.  Some  communities  in  the  region  now  pay  for  all  construction 
(capital  costs),  as  well  as  operation  and  maintenance,  as  part  of  their  vearlv  sower 
service  charges.  Mthough  there  is  nothing  wrong  with  this  method,  it  does  place  the 
e lit  ire  burden  of  paving  for  f lit  lire  capacit  v on  the  people  present  I v using  the  svstem. 

Street  Setvers.  Individual  street  (lateral)  sewers  which  serve  small  areas  can.  of  course, 
be  paid  for  as  part  of  the  general  propertv  or  ad  v alorem  tax.  Tliov  can  also  be  financed 
by  lb<‘  people  served  on  a front  foot,  or  land  area  betterment  assessment  bases.  It  is 
usually  dil  I icult  (as  a pract  ical  mat  ter)  to  change  the  method  of  sewer  sv  stem  financing 
once  a community  has  adopted  a method  and  sewer  construction  is  underway.  This  i- 
because  inequities  will  be  created  on  what  has  already  been  paid  for. 

Huilding  or  house  connections  should  be  extended  to  the  street  - property  line  when 
the  street  sewer  i'  installed  to  eliminate  the  need  in  the  future  to  again  dig  up  the 
street.  The  house  connection  cost  in  mam  areas  is  paid  for  bv  the  propertv  owner 
because  it  is  considered  a private  benefit  facility. 

PAYMENT  FOR  OPERATION  AND  MAINTENANCE 

Most  communities  pav  for  operation  and  maintenance  of  sewerage  systems  through 
service  charges  to  users.  In  some  cases,  these  charges  make  up  the  entire  cost,  while  in 
others,  user  charges  are  supplemented  bv  funds  from  general  propertv  taxes.  The 
three  methods  most  commonly  used  in  computing  user  charges  are  the  flat  rate,  unit 
rate  and  water  usage  methods.  Those  institutions  exempt  from  general  property  ad 
valorem  taxes  are  able  to  be  assessed  serv  ice  charges. 

hint  Hate  Method.  The  flat  rate  method  is  a simple  method  in  which  the  cost  of 
operating  this  system  is  div  ided  equally  among  all  users. 

I nit  Hate  Method.  I bis  method  requires  an  agreement  as  to  the  unit  to  be  used  as  the 
basis  for  charge.  The  unit  could  be  the  pipe  si/e.  number  of  fixtures,  or  tvpe  of 
building  configuration,  l or  example,  dwell  ings  might  be  classified  as  to  tvpe  and  each 
user  would  pay  according  to  the  tv  pc  ol  building  be  occupied. 
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If  ater  Usage  Method.  This  method  is  based  on  metered  water  consumption.  It  is 

considered  to  he  reasonable  inasmuch  as  sewage  flow  i-  directlv  related  to  water 
consumption,  as  discussed  in  Chapter  \.  The  principal  diffieullv  with  the  water  usage 
method  is  that  some  users  in  communities  do  not  have  metered  water,  and  in  such 
cases,  the  unit  or  flat  rate  method  might  he  necessary.  In  addition  to  charges  based  on 
water  usage,  many  communities  impose  surcharges  for  treatment  of  industrial  and 
commercial  wastes  when  they  are  stronger  than  normal  domestic  sewage. 

SI  AIM  ARY 

\ number  of  methods  are  available  for  paying  the  construction,  operation  and 
maintenance  costs  for  the  facilities  proposed  herein.  No  single  method  is 
recommended,  and  combinations  of  several  methods  may  he  acceptable  in  a given 
community,  hut  it  is  generally  accepted  that  for  the  construction  of  major  facilities 
such  as  those  proposed  herein,  the  propertv  tax  or  ad  valorem  tax  is  considered  to  he 
the  most  equitable.  For  operation  and  maintenance  costs,  the  service  charge  (water 
usage  method)  is  generally  considered  to  he  the  most  equitable,  partieularlv  where 
such  usage  is  metered. 
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OBJECTIVE  OF  THE  STl  D\ 

The  objective  of  this  study  is  to  prepare  a plan  which  will  recommend  an  area  wide 
comprehensive  sewerage  system  and  program  for  interceptor  and  trunk  sewers  and 
sewage  treatment  and  disposal  facilities  in  tin*  North  Central  Texas  region  and  to 
suggest  methods  for  plan  implementation.  The  output  from  this  study  is  expected  to 
he  of  great  \alue  not  only  to  the  North  Central  Texas  Council  of  Governments 
(NCTCOG)  hut  to  all  member  communities  in  their  planning  for  future  development 
of  the  area. 

Specific  watershed  recommendations  presented  in  this  report  are  not  considered  to  he 
absolute  because  of  the  generalized  nature  of  the  studies.  The  recommendations  are. 
however,  meant  to  he  utilized  as  a basis  of  comparison  with  other  possible  alternative 
systems  on  a watershed  basis.  Detailed  studies  for  specific  localities  and  projects  mav 
indicate  that  size,  location  and  staging  of  facilities  should  depart  from  the 
recommendations  herein. 
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I ii  January  I (J(i*C  the  Nort  It  Central  I cxas  ( .011  mi  I of  Governments  contracted  with  the 
consult ing  engineering  firm  of  Camp.  Dresser  & McKee  of  Boston.  Massachusetts,  to 
direct  and  coordinate  the  work  of  the  consulting  team.  The  consultant  team  consists  of 
(.amp.  Dresser  McKee,  as  the  general  consultants,  and  the  firms  of  Forrest  and 
Cotton.  Inc.  of  Dallas,  and  Freese.  Nichols  and  F.ndress  of  Fort  Viorth  as  associate 
consultants.  Other  special  consultants  (including  legal)  were  utilized  where  needed 
during  the  preparation  of  the  report. 

FIN  \NCI\C  OF  ST1  IO 

This  report  was  financed  jointli  In  the  Texas  % ater  Oualilv  Board  under  Coni  rail  No. 

TU  (,)B  PGf»8  I and  the  Federal  U ater  Oualit\  Administration  (formerB  the  Federal  •{ 

Vi  ater  Pollution  Control  \dministrat  ion |.  I .S.  Department  of  the  Interior.  Project 
BPG  I (>8  12. 


\hi  uti  "iim 

The  study  (■niompa^sc'.  an  a tea  of  roughly  11.000  square  miles  located  in  the  North 
(Central  part  of  Texas,  including  the  entire  counties  of  Dallas.  Tarrant.  Kllis.  Denton. 
Johnson.  Collin.  Kaufman.  Parker.  Kockwall  and  Vi  isc.  and  those  portions  of  Nan 
Zandt.  Henderson.  Fannin.  Hunt,  Cray  son.  Cooke.  Montague,  Clay.  Jack.  Archer  and 
Young  tributary  to  the  I pper  Trinity  River  Basin.  This  area  i-  much  larger  than 
several  states  including  Rhode  Island  and  Massachusetts,  more  populous  than 
Arkansas.  Colorado.  Nebraska.  Oregon  and  eighteen  other  states,  and  includes  the 
metropolitan  area  of  Dallas  and  Fort  Worth.  I he  area  contains  about  20' < of  the 
populat ion  of  the  State  of  Texas. 
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HUM  I VTION 

TIi*-  population  in  the  study  area  at  tin-  present  time  is  estimated  at  about  2.7  million, 
and  is  expected  to  almost  double  in  t be  next  twenty  years.  Bs  tbe  year  2020  tbe 
population  is  expected  to  reach  7.0  million.  O'er  00'  < of  tbe  present  population  is 
alreacK  sewered,  and  it  is  expected  that  this  percentage  "ill  climb  in  the  next  lilts 
sears  to  about  07'V  Its  the  sear  2020.  The  area  is  blessed  with  sufficient  land  and 
sufficient  water  (at  least  for  the  next  twenty  years  or  so)  to  attract  and  bold  new 
industrs  and  to  permit  rapid  development'  and  population  growth.  Beyond  1000  it 
appears  that  additional  water  supplies  (from  imported  or  reused  waterlmay  be  needed 
to  sustain  growth.  It  appears  that  most  of  the  population  (present  and  future)  "ill 
reside  in  the  metropolitan  areas  surrounding  Dallas  and  fort  Worth,  and  generally 
Is  i nc  within  Dal  las  and  I arrant  ( .mint  ies. 


TOTA  L 
ESTIMATED 
POPULATION 


ESTIMATED 
WATER  CONSUMPTION 
( MGD  ) 


Fig.  I- 
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ESTIM  AT  ED 
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FLOW 
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Projected  Population.  Water  Consumption  and  Sewage  Flow  for  Study  Area 
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\crnmpanxing  this  increase  in  population  will 
consumption  ami  sewage  flow  in  the  studx  area.  Total  water  consumption  is  expected 
to  increase  from  an  estimated  0(1  million  gallons  per  dax  at  the  present  time  to  about 
I .a  10  mil  lion  gallons  per  dax  b\  t he  \ ear  2020.  Most  ot  the  water  consumed  will  find  it* 
wax  into  municipal  sewerage  '\stems  and  require  treatment,  f rom  an  estimated  2.»0 
million  gallons  a dax  .it  the  present  time,  the  projected  sewage  How  to  the  xcar  202(1  i' 
expected  to  increase  to  about  l.l  H)  mgd.  (hi  a per  capita  ha»i'  axerage  dailx  sewage 
flo  xx  i«  expected  to  increase  from  10(1  gpcd  in  1070  to  1 7>0  gpcd  in  202(1  in  the  I fall  as- Tort 
W orlli  metropolitan  area. 


he 


a great  increase  in  water 


I IM’KR  TRIMTN  KIN  KR  Vt'ATKR  Q1  AKITN 

blowing  generallv  from  the  northwest  to  the  southeast  through  the  North  Central 
Texas  region  i-  the  Trinitv  River  and  its  principal  tributaries,  the  West  Fork.  Kim 
fork  and  I'.ast  l ock.  The  flow  in  the  Trinit)  River  is  extremelx  variable  ■ from  flood 
waters  in  the  earl)  spring  to  almost  no  natural  flow  in  the  dr)  parts  of  the  year.  This 
extreme  variation  in  flow  presents  difficulties  in  attempts  to  use  the  I rinitv  River  for 
recreational  and  other  purposes,  and  it  affects  the  degree  of  sewage  treatment 
necessarv.  Several  large  water  supplv  reservoirs  are  located  in  the  basin  and  their 
discharges  flow  into  the  Trinit)  River  during  wet  parts  of  the  year.  I he  I rinitv  River 
itself  flows  downstream  into  the  site  of  the  planned  ( h\  others)  Tennessee  Colonv 
Reservoir  located  at  the  southern  edge  of  the  stud)  area.  This  reservoir  is  a projet  ted 
water  supplv  for  a portion  of  l exas south  of  our studv  area.  Some  reservoirs  within  the 
st udv  area  receive  sewage  effluents. 

In  the  drv  parts  of  the  vear.  the  flow  in  the  l pper  Trinit)  River  and  its  tributaries 
consists  ntostlv  of  the  effluent  (or  discharge)  from  existing  sewage  treatment  plants, 
and  dissolved  oxvgen  levels  are  frequently  below  those  necessarv  to  maintain  lish  life. 

During  the  summer  months  reported  biochemical  oxygen  demand  (BOD)  and 

dissolved  oxvgen  levels  in  mail)  readies  of  the  l pper  Trinit)  River  do  not  meet  the 

water  qualitv  requirements  of  the  TW  OR.  Kxtrenielv  high  concentrations  of  nutrient- 

such  a-  phosphates  and  nitrates  are  found  in  the  river,  and  bacteria  counts  are  q 

frequently  above  acceptable  level- part icularlv  during  wet  weather  period-.  Reported 

pesticide  concentrations,  where  they  exist  at  all.  are  below  established  limits. 


The  ht*av\  pollution  load  in  the  river  result*  from  the  discharge  of  effluent*  from  122 
sewage  treatment  plants,  septic  tank  discharges,  raw  sewage  disc  harges  from  homes, 
industrial  wastewater  discharges,  leaching  from  refuse  disposal  dump*  and  sanitary 
landfills,  and  surface  runoff  from  urban  and  rural  areas.  During  high  river  levels, 
treatment  plant  sludge  lagoons  are  occasionally  Hooded  and  quant  it  ie*  ot  'lodge  are 
carried  awav  !>v  the  river. 

Thu*  thi'  l pper  Irinitv  River  now  pose*  a potential  health  hazard,  does  not  sati'ly 
aest het ic  considerations  and  i'  not  *ui table  for  many  desi red  uses. 

However,  streams  and  lakes  in  the  l pper  Trinity  River  basin  are  used  at  the  

time  lor  water  supplv  purposes.  In  order  to  protect  the  public  health,  to  prevent 
eutrophication  (the  accelerated  aging  or  deterioration)  of  lakes  and  rc*ervoir*  and  to 
permit  various  desired  river  uses,  the  sewage  Irom  the  North  t.entral  leva*  region 
must  he  provided  with  a verv  high  degree  of  organic  removal  combined  with  nutrient 
removal  and  disinfection. 

Ilie  planned  canalization  of  the  Trinity  River  contain*  a number  of  locks  and  dams, 
which  will  tend  to  retard  the  natural  Mow  ot  water.  I he  same  very  high  degree  of 
treatment  (advanced  treatment)  of  the  area**  »cwagc  would  he  nece*sary  to  prevent 
eutrophication  and  other  undesirable  condition*  from  developing  in  the  river  because 
of  thi*  project. 


It  i*  considered  not  fea*ihle  to  augment  the  flow  of  the  I pper  Irinitv  River  to  provide 
a great  flow  ol  water  for  dilution  purpose*  during  low  flow  period*.  \n  amount  of 
i lean  augment  at  ion  water  rough  I v equi  v a lent  to  t w u the  *ew  age  flow  I tom  t he  out  ire 
*tiidv  area  (i.e..  1.210  mgd  in  1000:  2.2HO  mgd  in  2020)  would  he  required  it 
conventional  secondary  I real  men  t only  were  provided.  I lie  time  ol  v ear  during  which 
thi*  water  would  he  needed  doe*  not  coincide  with  the  timing  of  available  water  or 
that  w hicli  could  he  made  av  a i la  Ide  ( e\<  opt  through  importation  I 
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DESCRIPTION  OF  PROPOSED  JOINT  FACILITIES 

l or  reasons  of  economics,  centralization  of  responsibility  and  administration  of 
construction.  operation  and  maintenance.  si\  large  joint  use  treatment  plants  are 
proposed  for  sewage  treatment  in  the  metropolitan  area  of  Dallas  and  Fort  Worth. 
Fateh  of  these  plants  exists  or  is  under  construction  at  present.  \ map  of  the 
metropolitan  area  and  the  location  of  the  *i\  joint  treatment  facilities  i»  shown 
below  . \ list  of  the  communit  ies  and  serv  ice  areas  served  or  proposed  to  ho  served  In 
each  i'  a*  follows  (those  communities  and  service  area*  whose  names  are  preceded  In 
an  asterisk  I * ) are  not  yet  served  In  the  indicated  plants): 


m 


TH  \ ( i:\TH\l. 


\rlington  (part  t 
( larrollton 
( !ol  I «•  n v i 1 1*'  ( part ) 
|)alla>  (part ) 

Hast  Mountain  ( reek 
area  (part ) 

Killer 

Farmer*  Hraneli 
( ftand  Prarie 
( f rapes  i n<'  ( reek  area 
< ireenv  iew  area 
llaekberrv  < .reek  area 
1 rv  intf 

Ki rl>\  ( reek  area 


* Bedford 

*(  lol lev  v i I le  (part  I 
*(  .oppell 
*(  i rapes  ine 

* 1 1 ii i—t  (part  I 
♦Keller 

* I .evv  i*v  i I le 

* Nor  t h Hieldand  Hill*  ( part ) 
‘Regional  Virport 

’Soil  I It  lake 
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The  expected  populat  ion  and  tin-  average  sewage  flow  to  the  -i\  joint  treatment 
facilities,  the  estimated  construc  tion  costs  (1970  construction  costs)  estimated  to  he 
needed  between  now  and  the  year  1990.  and  the-  estimated  annual  average  operation 
and  maintenance  costs  connected  with  these  new  facilities  between  now  and  the  year 
1 990  are  show  non  fig.  1-4  and  Fig.  1-5. 

Based  on  1970  cost  est  imates.  the  people  liv  ing  in  the  metropolitan  area,  w liich  mat  he 
served  In  these*  si \ joint  treatment  facilities,  can  expect  to  have  the  cost  associated  w it h 
intercepting  sewers  and  sewage  treatment  increase  about  three  times  over  the  present 
cost.  \ portion  of  this  cost  (the  construction  portion)  would,  of  course,  he  reduced  In 
t he  amount  of  grants  in  aid  available  from  I he*  Federal  and  or  State  Governments.  (In 
an  average  household  basis  using  1970  cost  estimates,  the  average  annual  cost  for  the 
recommended  joint  treatment  systems  including  sewage  treatment  plants  and  new 
interceptor  sewers  is  estimated  at  about  S60  per  vear,  or  less  than  20C  per  day  per 
familv.  On  the*  basis  of  cost  per  thousand  gallons  of  sewage  treated,  about  0.55c  j» 
indicated. 

The  proposed  comprehensive  sewerage  plan  will  result  in  the*  consolidation  of  sewage 
treatment  plants  thus  reducing  the*  number  from  53  at  present  to  (v  in  the 
metropolitan  area. 

For  those  people  who  live  within  the-  study  area  hut  outside  of  the  metropolitan  area 
of  Pallas-Fort  Worth  described  above,  the-  aggregate*  construction  costs  ol  upgrading 
sewage  treatment  facilities  between  now  and  1990.  based  on  1970  construction  cost 
estimates,  is  about  $50. 000. 000.  The  cost  per  family  or  per  thousand  gallons  of  sewage- 
treated  would  varv  among  the*  indiv  idual  communit  ies  affected. 
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Fig.  14  Projected  Populations  and  Flows  for  Proposed  Joint  Plants 


COST  OF  CONSTRUCTION  TO  BE 
IMPLEMENTED  BY  1990  (MILLIONS  OF  DOLLARS) 


ANNUAL  AVERAGE  COST  OF  OPERATION  AND 
MAINTENANCE  ,1975-1990  (MILLIONS  OF  DOLLARS) 
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Fig.  1-5  Projected  Costs  (1970)  of  Recommended  Joint  Systems 
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lit  addition  to  inadcqua tr  sewage  treatment  and  -dodge  disposal  l he  potential  for 
polluting  surface  waters  exists  in  mam  other  lorms.  The  installation  of  septie  tank 
systems  in  areas  where  soils  are  inadequate  results  in  failures  and  overground  flow  of 
contaminated  waters  into  hrooks.  streams  and  water  supply  reservoirs.  Storm  runoff 
washes  contaminants  into  nearhv  water  sources:  locating  sanitary  landfills  in  areas 
where  ground  water  or  surface  water  i*  aide  to  leach  out  contaminants  and  flow 
directly  into  streams  and  water  supply  reservoirs  is  another  source  of  pollution. 
\griciilture.  ini  hiding  the  fertilizing  of  farmlands,  is  suspected  during  wet  weather 
periods  to  result  in  a large  volume  of  phosphates  and  nutrients  being  washed  into  the 
streams.  The  uncontrolled  grazing  and  feeding  of  cattle  on  watersheds  offers  a 
potent  ial  for  pid  Ini  ion. 


l or  the  above  reasons,  the  adequate  collection  and  treatment  of  sewage  from  the 
municipalities  in  the  area  is  only  a part  of  the  solution  to  adequate  control  of 
pollution.  ( lent ral izat ion  of  efforts  to  control  all  tvpes  of  pollution  should  he  the  goal 
of  I lie  people  in  the  region. 
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INHI.TK  VTION  \M>  STOKM  H.OWS 

Hainwater  infiltration  into  the  sewage  eolleetion  systems  is  ol  a serious  magnitude  in 
several  of  the  older  and  larger  systems  and  results  in  poor  effieienry  of  treatment 
plants  and  raw  sewage  discharges  to  streams.  The  various  communities  affected  should 
consider  the  provision  of  mixed  sewage  and  storm  water  detention  and  chlorination 
facilities  as  needed  at  critical  locations  in  the  systems  to  prevent  the  raw  sewage- 
discharges.  Continuing  programs  of  sewerage  system  maintenance  and  repair  should 
he  carried  out  to  minimize  infiltration.  Adequate  inspection,  control,  and  the  use  of 
modern  compression  type  joints  in  all  sewer  construction,  including  building 
connections,  is  essential. 

\\  VSTKW  V I I II  KK.l  -I 

Vs  the  population  and  water  consumption  increase  and  the  surplus  supply  of  water 
decreases,  it  will  become  more  and  more  important  to  practice  wastewater  reuse  to  the 
fullest  extent  possible.  Non-domestic  uses,  such  as  commercial  and  especially  cooling 
water  demands,  may  he  satisfied  by  wastewater  treatment  (reclamation!  and  reuse, 
tjlater  for  domestic  uses  (after  1990)  may  have  to  he  supplemented  by  reclaimed 
wastewater.  The  location  of  suitable  industry,  including  electric  power  plants, 
adjacent  to  sewage  treatment  plants  is  recommended. 


. *n<pn  i.  mi  vw  ' 
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The  Upper  Trinty  River  Basin  Comprehensive  Sewerage  Plan  is  a result  of  a 
concentrated  'tody  over  a period  of  eighteen  months.  The  results  of  this  study  dearly 
indicate  that  maximum  possible  cooperation  and  joint  use  of  sewage  collection  and 
treatment  facilities  will  benefit  evervone  concerned.  The  Federal  Vi  ater  (Quality 
\dmin  ist  rat  ion  lias  the  authority  to  increase  federal  aid  on  those  projects  that  are  a 
part  of  a comprehensive  sewerage  plan.  The  Texas  Vi  ater  (Quality  Board  encourages 
the  consolidation  of  treatment  facilities  and  requires  that  a new  facility  he  consistent 
with  a regional  plan  before  a discharge  permit  is  issued.  The  results  of  this  study 
furnish  a framework  from  which  posit  i x <*  act  ion  can  begin  on  implementation. 

The  cost  estimates  contained  in  this  studv  should  he  recognized  as  general  because  ol 
the  broad  scope  of  the  studv.  \ preliminarv  engineering  report  defining  the  servile 
area. intercept ing  sewer  routes  and  sizes  and  treatment  plant  'izc  and  process  tor  each 
of  the  sj\  recommended  joint  si'teni'  -Imuld  lie  prepared  as  a next  logical  'tcp.  Sm  h a 
preliminarv  engineering  report  would  contain  retim'd  tost  estimates  for  ton~trin  lion, 
operation  and  maintenance  of  proposed  facilities  and  assist  the  communities  involved 
to  plan  their  participation  in  a joint  treatment  sytem. 


22 


Concurrent  with  these  preliminary  engineering  studies,  it  is  recommended  that 
N(  !’(  ()(»  and  all  it'  member  communities  consider  the  advantages  of  a State  (irant 
In  \id  program  for  the  eonstruetion  of  water  pollution  abatement  facilities.  Such  a 
Slate  program  (contributing  of  2.V < or  more  of  eligible  project  costs)  would  increase 
the  amount  of  monei  available  to  the  local  communities  on  eligible  projects  from  a 
present  maximum  of  .{()'<  ( federal  I to  about  }{()'<  (federal  and  State).  I be  federal 
Water  Oualitv  \<  i provides  increased  benefits  to  stall's  which  have  their  own  grant 
program  underwav  and  main  'tali''  in  the  countrv  have  taken  advantage  of  this.  The 
State  n!  I e\ a«  should  do  likew  ise. 


2d 


I be  I W (,)H  has  recently  funded  NCIt.Otr  to  develop  an  implementation  program 
providing  details  of  the  regional  organization  and  its  powers.  This  program  is 
scheduled  for  completion  in  March  1971. 


PRESENTATION  OF  THE  PLAN 

Concerted  efforts  have  been  made  by  the  NCTCOG  to  acquaint  all  member 
communities  and  interested  agencies  with  the  Comprehensive  Sewerage  Plan.  Notices 
were  sent  to  local.  State  and  Federal  officials  and  interested  citizens  in  North  Central 
Texas  in  advance  advising  them  of  the  schedule  of  report  presentations.  To  acquaint  as 
many  persons  as  possible  with  the  contents  of  the  report  and  to  obtain  their 
comments,  a number  of  presentations  have  been  made  including  those  to  the 
following: 

Federal  Water  Quality  Administration; 

Texas  ater  Quality  Board; 

Fort  Worth  City  Council; 

Dallas  City  ( louncil; 

Area  upstream  of  Dallas  South  Side  Plant: 

Area  upstream  of  Dallas  AA  bite  Hock  Plant; 

Area  upstream  of  Garland  Duck  ( aoek  Plant: 

\rea  upst  ream  of  Fort  \\  orlh-V  illage  ( ireek  Plant; 

Area  upst  ream  of  1 R A 1 on  M ile  ( .reek  Plant : 

Area  upstream  of  the  I R A ( .ent ral  Plant : 

Areas  outside  Da  I la'  and  Tarrant  < xuint  ies. 
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north  central  texas  council  of  governments 


The  North  Central  Texas  Council 
of  Governments  ( NCtC'GG)  sponsor- 
ed a study  which  resulted  in  a Com- 
prehensive Sewerage  Plan  for  the 
Upper  Trinity  River  Basin  which 
proposes  some  consolidation  of  sew- 
erage systems  for  treatment  and  dis- 
posal facilities. 

Development  of  a proposal  for  joint 
sewerage  facilities  illustrates  the  re- 
gional planning  function  of  the  North 
Central  Texas  Council  of  Govern- 
ments. This  voluntary  association  of 
127  member  governments  provides  a 
forum  for  resolving  area  wide  prob- 
lems. NCTCOG  also  promotes  inter- 
governmental cooperation  and  coordi- 
nation. 
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The  North  Central*  Texas  Council 
of  Governments  (NCTCO>G)  sponsor- 
ed a study  which  resulted  in  a Com- 
prehensive Sewerage  Plan  for  the 
Upper  Trinity  River  Basin  which 
proposes  some  consolidation  of  sew- 
erage systems  for  treatment  and  dis- 
posal facilities. 

Development  of  a proposal  for  joint 
sewerage  facilities  illustrates  the  re- 
gional planning  function  of  the  North 
Central  Texas  Council  of  Govern- 
ments. This  voluntary  association  of 
127  member  governments  provides  a 
forum  for  resolving  area  wide  prob- 
lems. NCTCOG  also  promotes  inter- 
governmental cooperation  and  coordi- 
nation. 


Under  the  direction  of  NCTCOG, 
the  intensive  18-month  project  was 
financed  jointly  by  the  Texas  Water 
Quality  Board  and  the  Environmental 
Protection  Agency. 

NCTCOG  selected  Camp,  Dresser 
& McKee  of  Boston  to  head  the  en- 
gineering team  which  included  For- 
rest and  Cotton  Inc.  of  Dallas,  and 
Freese,  Nichols  and  Endress  of  Fort 
Worth. 

Their  research  and  analysis  re- 
sulted in  a two-volume  presentation 
evaluating  in  detail  the  existing  and 
projected  water  pollution  problems  of 
the  North  Central  Texas  region.  It 
contains  future  planning  recommen- 
dations and  provides  guidelines  for 
water  pollution  control  facilities. 
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Within  the  11,000  square  miles 
covered  by  the  Upper  Trinity  River 
Basin  study,  11  NCTCOG  member 
counties  are  located— Dallas,  Tarrant, 
Ellis,  Denton,  Hunt,  Johnson,  Collin, 
Kaufman,  Parker,  Rockwall,  and 
Wise.  Portions  of  10  other  counties 
fall  within  the  study  boundaries. 

Natural  water  resources  exist  in 
sufficient  quantity  to  adequately  sup- 
ply the  area’s  needs  for  the  next  20 
years. 

However,  the  quality  of  the  water 
provided  by  the  Upper  Trinity  River 
and  its  tributaries  poses  an  increas- 
ingly serious  problem. 

In  dry  parts  of  the  year,  the  flow 
consists  primarily  of  the  discharge 
from  approximately  132  sewage  treat- 
ment plants.  Septic  tank  discharges, 
raw  sewage  from  many  homes,  in- 
dustrial wastewater,  leaching  of 
dumps  and  landfills,  and  surface  run- 
off in  both  urban  and  rural  areas  add 
to  the  heavy  pollution  load. 

Twenty  percent  of  the  state’s  pop- 
ulation resides  within  the  geographi- 
cal limits  of  the  Upper  Trinity  River 
Basin. 

The  study  indicates  that  by  the 
year  2020  the  metropolitan  area  of 
Dallas-Fort  Worth  will  have  6.4  mil- 
lion residents.  The  combined  urban 
and  rural  population  will  grow  to 
over  7.8  million  people. 

They  will  consume  approximately 
1,509  million  gallons  of  water  per 
day.  Sewage  flow  in  2020  will  reach 
an  estimated  1,130  million  gallons  per 
day. 


All  growth  projections  for  the  area 
point  to  greater  water  and  sewage 
demands  and  increased  pollution 
problems. 

Through  extensive  computer  anal- 
ysis, the  engineering  team  evaluated 
the  capacity  and  adequacy  of  existing 
sewage  plants  and  the  region’s  sew- 
age sources  in  relation  to  plant  loca- 
tions. 

In  terms  of  efficiency  and  economy, 
the  consultant  team  recommended 
limited  consolidation  of  the  large 
number  of  sewage  treatment  plants 
scattered  throughout  the  metropoli- 
tan areas  into  six  joint  systems. 

Urban  areas  would  be  served  by 
consolidated  facilities  associated  with 
the  following  existing  plants: 

1.  Dallas  White  Rock 

2.  Dallas  South  Side 

3.  Trinity  River  Authority  Central 

4.  Trinity  River  Authority  Ten 
Mile  Creek 

5.  Richardson-Garland  Duck  Creek 

6.  Fort  Worth  Village  Creek 

Rural  communities  would  operate 
separate  plants,  much  as  they  do  to- 
day, since  joint  plant  construction 
would  not  be  economically  feasible. 

Upgrading  of  the  present  sewage 
treatment  facilities  to  increase  the 
quality  of  the  effluent  would  insure 
efficient  pollution  control. 


ESTIMATED 

WATER  CONSUMPTION 
( MGO  ) 


2020 


ESTIMATED 

SEWAGE 

FLOW 

(MGD) 


TOT  A L 
ESTIMATED 
POPULATION 


/ 


'The  study 


year  2020  the  metropolitan  area  of 
Dallas-Fort  Worth  will  have  6.4  mil- 
lion residents.  The  combined  urban 
and  rural  population  will  grow  to 
over  7.8  million  people. 


They  will  consume  approximately 
1,509  million  gallons  of  water  per 
day.  Sewage  flow  in  2020  will  reach 
an  estimated  1,130  million  gallons  per 
day. 
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The  report  recommends  phasing 
out  47  metropolitan  area  plants.  The 
remaining  six  joint  plants  would  he 
expanded  to  produce  high  quality 
effluent.  By  1990,  combined  facilities 
would  handle  92'  i of  the  sewage  in 
the  study  area. 

Residents  of  the  North  Central 
Region  cannot  expect  the  pollution 
problem  to  solve  itself.  Communities 
must  take  preventive  action  to  retard 
the  spread  of  pollution  throughout 
their  lakes,  rivers  and  streams  and 
into  their  water  supplies.  Although 
the  study  presents  a comprehensive 
50-year  pollution  and  water  quality 
control  plan,  its  benefits  would  be 
realized  immediately. 

With  the  addition  of  possible  state 
and  federal  money,  construction  costs 
assumed  by  the  individual  may  de- 
crease to  less  than  the  20f  per  day 
per  family. 
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year  2020  the  metropolitan  area  of 
Dallas-Fort  Worth  will  have  6.4  mil- 
lion residents.  The  combined  urban 
and  rural  population  will  grow  to 
over  7.8  million  people. 


They  will  consume  approximately 
1,509  million  gallons  of  water  per 
day.  Sewage  flow  in  2020  will  reach 
an  estimated  1,130  million  gallons  per 
day. 


separate  plants,  much  as  they  do  to- 
day, since  joint  plant  construction 
would  not  be  economically  feasible. 

Upgrading  of  the  present  sewage 
treatment  facilities  to  increase  the 
quality  of  the  effluent  would  insure 
efficient  pollution  control. 


The  report  recommends  phasing 
out  47  metropolitan  area  plants.  The 
remaining  six  joint  plants  would  be 
expanded  to  produce  high  quality 
effluent.  By  1990,  combined  facilities 
would  handle  92 '<  of  the  sewage  in 
the  study  area. 

Residents  of  the  North  Central 
Region  cannot  expect  the  pollution 
problem  to  solve  itself.  Communities 
must  take  preventive  action  to  retard 
the  spread  of  pollution  throughout 
their  lakes,  rivers  and  streams  and 
into  their  water  supplies.  Although 
the  study  presents  a comprehensive 
30-year  pollution  and  water  quality 
control  plan,  its  benefits  would  be 
realized  immediately. 

With  the  addition  of  possible  state 
and  federal  money,  construction  costs 
assumed  by  the  individual  may  de- 
crease to  less  than  the  20f  per  day 
per  family. 


The  Comprehensive  Sewerage  Plan 
for  the  Upper  Trinity  River  Basin 
helps  communities  accomplish  two 
v ital  and  important  regional  goals: 

1.  Consolidation  of  sewage  treat- 
ment facilities  will  efficiently  and 
economically  improve  the  quality  of 
water  in  North  Central  Texas. 

2.  The  study  provides  a practical 
method  of  combating  environmental 
pollution  through  advance  planning 
for  the  next  .50  years. 

A workable  plan  for  implementa- 
tion of  the  Comprehensive  Sewerage 
Plan  needs  extensive  regional  coordi- 
nation and  cooperation. 

N'CTCXXis  suggestions  for  imple- 
mentation and  financing  have  liccn 
completed  and  are  available  in  a sepa- 
rate report. 


The  hikes,  rivers,  and  streams  of 
North  Central  Texas  are  becoming 
polluted.  They  are  filling  up  with  nu- 
trients. Algae  and  aquatic  plant  life 
are  increasing.  Game  fish  are  dying. 

Lakes  which  once  furnished  abun- 
dant water  supplies  and  recreational 
facilities  have  developed  into  health 
hazards. 

As  long  as  the  regulation  of  pollu- 
tion sources  remains  uncoordinated, 
the  balance  of  “safe”  water  supplying 
your  community  decreases. 

Pollution  of  the  Upper  Trinity 
River  Basin  from  1 ) municipal  sew- 
age, 2)  industrial  wastewater,  or  3) 
surface  runoff  from  urban  or  rural 
sources,  contaminate  stream  flows. 

The  region  must  devise  a satisfac- 
tory method  for  disposal  of  sewage 
from  Dallas-Fort  Worth  and  some 
300  other  municipalities  in  the  basin 
. . . the  largest  of  the  contributing 
factors  in  the  pollution  problem. 

Only  a consolidated  effort  initiated 
by  local  communities,  assisted  by  re- 
gional and  state  planning  bodies,  can 
guard  future  regional  development 
through  advance  environmental  plan- 
ning. 
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